ACTA 

SOCIETATIS 

ZOOLOGICAE 

BOHEMICAE 




ACTA SOCLE TATIS ZOOLOGICAL BOliEMICAE » 


ActaSoc Tool Boketn Vol 59, No 1-2 
ISSN 0862-5247 


issued 1995 June 22 J 
47678 


Editor Karel Hfirka 
Executive editoi David Krai 

Editorial board Peir Benda, Jan Budiar, IvoHodck, Jaroslav HrbuCck, Frantisek Moravec, Vladimir 
J A Novak, Josef Rusek. Frantisek SIddeCek, Jifi Vdvra, Zdenek Veselovsky, Jan Zima 

Published mid dislnbuted by ihe Qrech Zoological Society Orders should lie senl lo (In- Cuch Zoological Society, 
Virucra 7. CZ 128 0C Praha*2. Czech Republic l*nntcd by the Cihik tisk, Sifirboholska 21 C7 102 00 Praha 10 Czech 
Republic 


Annual subscription (Volume 59. 1995,4 issues) 


Institutional subscription 
Other countries 
Private subscription 
Other countries 
Czech Republic 


Europe USD 80 00 
USD 90 00 
Europe USD 40 00 
USD 50 00 

K6 120,- (excl postage) 


Tins issue was supported by ihc Cesky Iiterdmf fond (Czech Literary Ikwndaiion) 


© C/ech Zoological Society. Praha, 1095 
' A direci koniinuQiion of 

(I) Vol I (1527 19T2; 7pfdva o finnosti ecskuslovcn'kc zoologickc Spolcc'nosli /a leu 1927-1932 
00 Vol 2 53 (1933 1 Veflnik Ccsko^OWiwke Spnlefiiiosli «iolagicke (WFW Cv SpideC Ztml) 

(m) Vol M 56 (1990-1992) A cm Sneiei.iiis 7ooto£icae nohemo*lovacac (Acta Sot Tool Bohemovlov) 



AciaSor. Zaol. Bohan. 59: 1-16, 1995 

ISSN 0&'j2-S2<I7 


Testate amoebae (Protozoa: Rhizopoda) from a primary mountain rain forest in the 

Tam-Dao region (Vietnam) 

Vladimir BaUk 

Instiwis ol Soil Biology, Academy of Sciences of ihc Czech Republic. N« sidWch 7. CZ-350 05. 

Ccskf Budejovicc, Czech Republic 

Received January iJ. IW5; accepted February 9. 1995 
Published June 22. 1995 


Taxonomy, no* laxa, ecology, fmmlstic, Icstacva, tropical rain forest. «»li, Vietnam 

Abstract. !*ron 17 sample* of soil and leaf litter from a primary mountain rain forest in the Tam-Dao area 126 species, 
varieties nod forms of testate amoebae were determined. The variety Vyclopyxls quadrants var. grandis wr n. and Ihc 
species Hyalinphenut Uuntlrit/ensis sp n and Tiineirta slaiyi sp. n. are new for the science. All of the found xpecies are 
nmv for the ham i>t Vietnam. 34 species and varieties were first found in Asia. Relative similarity ofruaccan commu¬ 
nities on the sio died aieu in general and heterogeneity on the single micro habitats were determined on the basis of 
Spieosen’s index of faimlstical similarity at the species and genera levels. 


INTRODUCTION 

This paper is result of a .study of testate arnoebae fauna in soil and iil ter samples from a primary 
mountain rain (toggy) forest in the Tam Dao region. These samples were collected by Dr J. Stary 
(tnstiJulc of Soil Biology AS CR) during his study stay in Vietnam in Qctobre 1988. 

This paper is ibe first contribution what engage with soil testate amoebae fauna from this 
country Golemansky (1979) studied the marine supralittoral psammal testaccan fauna of die 
sand beaches in the southern part of Vietnam (Chinese Sea coast). 

From the south-eastern Asia tlierc arc many works which supply the basic knowledge of the 
(estate amoebae fauna from this area: 

Borneo - Hoogenraad A de Groot (1942); 

China - Bano§(19633>.Fielde(1887),Lammerman(1907).Tai(1931).Wang(1925),'Wang 
& Nie (1934), Zanyin Gaw(l941); 

India - Carter (1864, 1865). Naidu (1966), Nair (1968), Nair A Mukhcrje (1968), Rao 
(1928); 

Japan - Cuuteaux (1978), Edmonson & Kingman (1913, 1914), Hada (1969). Sudzuki 
(1971a, b. 1978a. b); 

Java - DarloS (1963b), Hoogenraad A de C.root (1940, 1942), van Oye (1922. 1949); 
Malaysia - Chardcz (1979), Sudzuki (1973); 

Nepal - Bhatia (1930). Bonnet (1977). Laminger (1972). Penard (1907); 

Papua - New Guinea - Bonnet (1980b). Uaday (1901); 

Philippines- Bonnet (1980a); 

Singapore - Ghosh (1928); 

Sri Lanka - Daday(1898); 

Sumatra - Bnics (1939), Dammermann (1948), Green et ai. (1976). Hamisch (1933. 1951), 
Hein is (1928); 

- Bonnet (1981). 


Thailand 



The greater part of these works deal with testate amoebae fauna from mosses and waters Only 
a few papers describe the soil testate amoebae communities (e.g. Bonnet 1980, 1981; Laminget 
1972). 

The presented paper is the first work about the soil testate amoebae fauna from Vietnam, but 
also .a contribution to the knowledge of the soil testate amoebae from the tropical south-eastern 
Asia. 


DESCRIPTION OF THE STUDIED AREA 

The studied samples were collected in (he course of October, 198$ m the environs of the 'lUnvDno city in the north 
mountain area of Vietnam (Fig. I) The invosligatrd local: (y lies tea SO kilometer}, north from Hanoi (i06" I0ft"30 E. 
2I"3I‘-22“N'} The samples were collected in the altitude cca 1200a s. 1 Mean year value of the precpnation is 2000 
mm. mean year value of the temperature is 20T Tins locality L. a undislurbed pnauny mountain ram (foggy 1 forest on 
the slopes of limestone mountains FlrwI.Uically and fr.umslically it is here the boundary between tlie PalrjtfCtSC and 
(ndomalaysian area-' ami ihc environ.' ol the Tam-Dao city is characterized by a mixture of elements of both geographi¬ 
cal areas t il is known for insiance hy Dribatid miles and Lcpidoplers) 



I idoooom Fig. 1 Sketch-map of the study area. 


Toe samples were collected in the primary mountain rain forest on the following sample sites- 

182 • very moist. de.sintegrated wood mailer, mixed with mineral particles and Inter, high content of iron and manga¬ 

nese salts, dark rusty brown colour 

183 • upper undisturbed leaf litter layer with mmerai particles and arthopcdic mode: 

184 - partial disintegrated leaf Inter mixed with arthropodic motier 

185 - partial disintegrated leaf litter mixed with mineral particles, dork rusty brown colour. 

186 - disintegrated, very moist leaf Inter mixed with arthropodic moder and mineral panicles. 

188 • humic soil horizon with mineral grains 

189 very disintegrated leaf litter 

190 - very disintegrated wood matter mixed with excrements of arthropods and mineral particles 

191 • disintegrated wood matter mixed with rusty brown ferric soil 
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192 fermentation layer of humic <oil Horizon, a mature of disintegrated leaves, twigs and mineral particles 

193 - upper litter layer, untiisintegrated leaves, petioles and nnd 

195 - very iliMnts*graleil leaf litter mired with excrements of arthropods and dark rusty brown mineral panicles 

196 - arthropods mode’, dark brown 

197 • pure aithropodie modci 

198 urtdtsiwejtniled leaf Inter 

199 - disintegrated lea: litter mixed with arthropods modcr 
200 - ondrurHegraied leaf litter «v«h rusty brown minend particles 

All of lliese samples were removed on the relative small area in a primary mountain nun forest anc they render the 
variability in this relatively homogenous ecosystem 


RESULTS 


List of determined species 

The numbers behind the -scientific names of species are the numbers of sample sites Numbers 
in brackets marked the frequency of single species. Aii species found arc new for the fauna of 
Vietnam. The symbol marks a new species for Asia, the symbol “**" new lor science. 

Amelia artruma Grccff. 1S66 - 197 (5 9) 

* Arietta nistata var angaliaa (Perty) Playfair. 1918 -196(5 9) 

* Arcetta pah porn Pcnard, 1890 - 189 (5 9) 

Aneita varans Ehnmfcrrg. 1832 - 185. 190. 192. 195. 196. 200 (35 3) 

Asruina muconm Grecff. 1888 - 182,183,139. 190, 193. 196. 200 (41 2) 

* Aisuhna munnrum var denhculata Chardcz, 1964- 183,196(113) 

* Atmhna muse arum var slenosbwta Sc bon bom, 1964 - 196 (59) 

ArsuLna timinulum (Ehrenberg) Lady, 1879 - 18S (5 9) 

Cemmpyai acultasa (Fdirenberg) Stem. 1857 - [91. 193, 195.(17 6) 

* Cenimpyxiy eeuleaia var oNonga Dcflandrc. 1929 186(5 9) 

Cntrupyxn aernphtla IV-dandic. 1929 - 189. 192 (| | 8) 

Cemmpyxis aentphtla var itbcrfrtoiw rx»clo.trc - 196. 197, 198 (17 6) 

Cvmmpyxis ecrophiia var minute Ctwrdez. 1964 190.196. 197, 199 (23 5) 

Crri'opyit, urmphilu var sphugnuola LVtlardrc. 1929- 199(5 9) 

Cavmpyxis casut (WaJllflh) Dcflandre, t929 - 186 (5 9) 

* Ceniropyitr uirqr var mntnw van Oye, 1958 • 190(59) 

Cenirvpyxti ttmsl'trtti var minima Dedoitrc. 19*4 - 195 (5 9) 

* Centiopyxtt comuic Dccloitrc. 1961 - 1R3 (5 9} 

Ceniropyxn de/Uindnitna Bonnet. 1959 - 184. 135. 193. 195. 196. 197.198, 199. 200(529) 

Cetilntjiyxi* ecarmr (Ehrenhetg) T.ftidy. 1879 183 <5 9) 

Centropyxtt elongate (Pcnard) Thomas, 1959 - 184, I9C (11 8) 

Ceninpyxtr lain/eflmdnana Bonnet. 1979 * 186 (5 9) 

Ctnintfiyitt vrbtcuI'i'S Dcflandre. 1929 - 197(5 9) 

■ Ceruropyxit tn-a!u Dccloure. 1974 - 184 (5 9) 

Cenlntpyxiiparvidrflandnana (Bonnet) Bonnet. 1979 - 133, 185. 18&. 189. 191. 197. 199. 200 (47 II 
Cntmpyxis platystotna (Pcnard) Hcflandre. 1929 184 (6 9) 

Centwpyxi* pnvetta BanoS, 1963 190(5 9) 

CrntmpyM sttVHHleflimdruma Bonnet. 1979 - iS3. 184. 185. 136, 190. 193. 198. 199 (47 I) 

* Cary/hton atmptula DecldUe, 1950 183(S9) 

Cotythtm duhium Tart nek. 1831 183. 184. 185. 186, 188. 189. 191. 198.200(52 9) 

Coryihton puk Helium Pcnard, 1690 • 190,197, 200 (17 6) 
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Cydopyxu amhigua Bonnet A liwmaa, I960 - 185. 196 (11 8) 

Cytfopyni eurysinma Deflancli*, 1929 - 193. 197 (11 8) 

“ Cydopyxiy turyttoma var grandis Decloitrc - 190 (5 9) 

Cyclupyxu humdis Bonnet. 1962 - 197 (5 9) 

Cyclopyxtt kalJ: DeflantJrc, 1929 - 183, 191. 200 (17 6) 

Cyi topyxu kahii var lyiipsioma Bonnet & Thomas. 1960 197. 199 (J J 8) 

** Cytlopyus quudratur var g'autlcx var n - 189(5 9) 

Cy.Uipyxn uepha/u-noina Bonnet, 1980 - 195 (5 9) 

Cytfvpyxts inlobtua BsutcL 1963 • 185. 189. 192, 193 (23 5) 

Drhanengia papuenxu Bonnet, 1979 • 199 (5 9) 

Dtflupm iuada Penanl ; 890 - 197 <5 9) 

" Dtflugui minuiissima Penard, 1904 - 184 (5 9) 

Dtfflngielia trenulaia (Playfair) Grospietsch, 1964 - 186 (5 9) 

Difflugiella irenuiata var globixsa (Playfair) Grospietsch, 1964 - 184 (5 9) 

* Difflugiella hornda Schonborn. 1965 182(5 9) 

* Difflugiella nvtftmms (Penard) Bonnet A Thomas, 1955 -182 (5 9) 

* Difflugiella oviform f var fusca (Penard) Bonnet & Thomas, 1955 - 184 (5 9} 

* Difflugiella pusnla (Playfair) Grospietsch. 1964 - 192 (5 9) 

* Euglypha oumhuphora var opus Dcdoilrc, 1956 - 1% (5 9) 

Euglyptai bryophila Brown. 1911 195 (5 9) 

Euglyha alicia (Bhrcnbcrs) Leidy. 1878 188 (5 9) 

Euglyidia cihata var glabra Wades. 1915 - 197, 199 (11 8) 

Euglypha corprexxit var glairrn While*.. 1915 - 192 (5 9) 

liuglyphti tnstaid Lady. 1879 - 183. 184, 185. 1R8. 189, 190, 192, 193, 195, 196. 197, 198, 199. 200 (82 4) 
Euglypha cmloiu for c/r< ora (Ehrenberg) Jung. 1942 183. 191. 193 (17 6) 

* Euglyphn cnsiitta var lanceobila Playfair, 1917- 192, 196, 197, 199(23 5) 

Euglypha filffem Per,aril, 1890 - 192 (5 9) 

* Euglypha /'lift'd var pynjvrm »v Wades. 1915 - 185. 195. 196, 197 (23 5) 

Euglypha laevtf (Ehrenbog) Petty, 1849 - I8t, 184, 185, 186, 188. 189, 190. 192, 196. 197. 198. 199.200(76 5) 
Euglypha poiyiepu (Bonnet) Bonnet & Thomas. 1960 - 192 (5 9) 

Euglypha nitundei Whiles & Penard. 19! 1 - 183. 184. 189, 190. I9l, 196. 197. 198. 199(52 9) 

Euglypha rniumla var minor Walks, 1915 - 186, 193, 195 (17 6) 

* bugtypho wtumfa *uc obhqaa Dedoitrc, 1956 - 185. J96 (11 8) 

Euglypha vrtgota (P.hrcnherfj f-c’dy. 1879- 185. 186, 188. 191, 193. 196, 197. 200(4’ l) 

Euglypha ttngnta var glabra Wailes. 1915 183. 196. 200 (17 6) 

* Euglypha Utigosti var helerosjnnu (Penard) Wades & Penard, 1911 - 184. 185. 191,200(23 5) 

Euglypha lubrrutlala Duiardin, 184] - 184, 185, 189, 190. 192, 196, 197, 198.200(529) 

* bugtypfui lubenulaia var m*w for subcylindnta Decloitre. 1955 - 197 (59) 

Euglypha tuhenuiula var subcylindnta (Playfair) Decloitre. 1962 - 185, 198 (11 8) 

■* Hekupera altiout Couie&UK & Chardcz. 1981 - 200 (5 9) 

“ Hekupera rmmilu Sdionborn, 1965 - 185. 188, 189, 190, 192. 196. 198, 199. 200(52 9) 

Hekopera penardi Bonnet A Thomas, 1955 - 186, 195, 196(176) 

Hekupera peincola Leidy. ]S79 - 183, 186. 190, 192, 196. 199. 200 (41 2) 

Hekupera pemuila var umeshyxiea Penard. 1902 - 183, 184, 192. 195. 196. 197, 199 (41 2) 

Hekupera picia Leidy, 1879 186. 188. 199, 200 <23 5) 

Hekupera lykaiica Penard. 1890 184. 185, 193, 196. 197. 200(35 3) 

HyaUitphenta insecta Hamisch, 1938 - 196 (5 9) 

Hyalosphenia papibo (Leidy) Leidy, 1879 - 195 (5 9) 

' Hyalorphema rcfuiuSedeni van Oye, 1956 - 198 (5 9) 

* Hyalorphema schouledem var roiundata van Oyc, 1958 - 182 (5 9) 
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Hyalusphenta subflcna Cash. 1909 - 182, 186. 1S8. 198. 200 (294) 

** HyaltitpJw/i/a lunulaocnus vp n - 196(5 V) 

Nebelu bohenuca Drinek. 1882 - 183. 195 (11 8) 

Nebelu euudata Lady. 1879 - 186 <5 9) 

AfeWa cotlan t (Khrcnbcrp) Lady. 1879 - 183. 198 (11 8) 

Nebelu dtruttloma Perm). 1890 - 185. 189 Ml 8) 

Nebelu lagem/arms Ptiuud. 1890 - 183. 195. 1%. 199 (23 5) 

Nebtla mbtarix Penard, 1890 195. 197. 200 (17 6) 

Nebelu penantmna Dcflondre. 1936- 183. 186. 193. 195(23 5) 

Nebelu Itmla [Lady) Awenm-fcw, 1906 - 182. 184. 185, 188(23 5) 

Nebelu mhaloxa Penard, 1890 - 196. 197, 19S (176) 

Nebela wriest (WaiJes) Def.amlre. 1936 - 192 (59) 

PhryganeUa acmpndia (Henwig (it loiter) Hopkmson, 1909- 183, 185, 192, 19), 195, 197, 199(41 2) 

' Pbryganelta aervpodia var depreaa Playfair, 1917 - 196 (5 9) 

Platotixta jurasnca Penard. 1905 185 (59) 

Plmonslu tens Penard. 1899 - 190. 200{l I 8) 

Plagtopyxit callida Penard. 1910- 185. 188. 189, 190. 191. 192. 193. 195, 1%. 197, 198, 199, 200(76 5) 
Plaginpynx Jet lint Thomas. 1955- 190, 196(11 8) 

Piogiopyxu intermedia Dcartel, 1959 - 198, 200 (I I 8) 

Plagiopyxis mnuta Bonnet. 1959 • 197 (5 9) 

Plagwpyxtx oblonga (Bor net A Thomas) Ronnet & Thomas, I960 - 184, 191 (II 8) 

Plagtopyxis rtnirara Donna. 1974 198 (5 9) 

Quadrulella quadngera (Whiles) Defiandrr. 1936 - 190 (5 9) 

Sphrjurdnta flssuvstris Penard. 1890 - 182. 18), 184, 185. 186, 195.200(41 2) 

Jrat.Ht U r-ryihiun putcheilum Bonnet. 1979 - 1^4. 190, 193 (17 6) 

Tracheltuglyplui acolla Bonnet & Thomas, 1955 • 183. 185. 192. 193. 195, 197 (35 3) 

Traihtleuglypha denlata (Vfpdovsky) Ueflnndie, 1928 185. 186. 188, 191. 192, 193. 197 (41 2) 

• Tracheleuglypha denuaa var elongala (Playfair) Gaotrncr-I.iivre & Thomas. 1958 188,193, 195,196. 

200 (29 4) 

7igmopyxiS arruhl (Lady) Penard, 1912 -183, 185. 193, 197,200(29 4) 

7igoiwpyxrr mu'ms!i>ma Hnogenraad & »Je Green, 1948 - 199 (5 9) 

7,nemo coinplaiunum Pcnanl, 1890 - 182. 183. 184,185, 186, 188, 189, 190, 192, 193, 195, 1%, 197, 198, 199, 200 
(94 1) 

Trmemu enmpl/muiiwt var oewpfalu (Decloitre) Runner & Thomas. I960 182. 183. 185, 191. 193, 195. 196. (97. 
199 (52 9) 

• Triruma enmpianatum vi,r elongala Decloitre. 1973 - 183. 190. 192. 193. 196. 197(35 3) 

7menus cnmphnHHunx var globuhsa Chard*/, 1959 184 (5 9) 

• 7 rinetna complunairm var mflaSQ Dcclcicre, 1970- 196. 197 (11 8) 

Turn.nut unrtfilunutum var platysumta Schonbom. 1964 197 (5 9) 

Tnnrma mchelyx (Rhrenbergj Leidy, 1878 - 182,183. 185.186, 188, 189, 190, 191, 192, 193, 195. 196, 198, 199,200 

m 2) 

Trinema emhelyS var ar.nyrhiln Dedoitrft, 1950 190. 192 (I I 8) 

• Tnnema entire lyi var rutrurttrola Dedoilre. 1962 • 197 (5 9) 

Tnntma grwtdn (Chardin) Gokmiinvky. 1963 - 188. 192. 193. 195. 196. 197. 200 (41 2) 

Tnnrma l,Heart Penard. I89f! JR). 184. 185. 18ft, 188, 189. 191, 192, 191. 195, 196. 197. 198. 199, 200 (88 2) 

• Trmerm hneare var grandis Decloitre, 3971 - 190. 192 (11 8) 
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Tnnemu Irturiire var muif/uwn ChanieA, 1964 - 183. 192,198 (17.6) 
*» Tnnema siaryi *p n. - )«, 191. J92. 195 (23.5) 

4 \iiUauwvia dehcaiuia (Valkanovl 'ftppan. 1966 - 1% (59) 


Faunistical and ecological characteristics of testate amoebae assemblages 

On tin: basis of a soil and leal Litter samples analysis from the primary 1 rain forest in the north¬ 
ern pan of Vietnam 126 species, varieties and forms of testate amoebae were determined. These 
testate amoebae belong to 10 families and 23 genera The most abundant families weieEuglyphidac 
(34 species). Ccntropyxidae (29 species), Hvalosphenudae (24 species) and Trincmatidae (17 
species). From the genera Euglypha (21 species), Certtropyxis (20 species), Trinema (14 species) 
and Ntbela (10 species) were most abundant. In the Fig. 2 the distribution of the most abundant 
7 testate amoebae families in single samples is represented. 
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fig. 2 Distribution of the legate amoebae families in the samples. 


Comparing the determined data with the literature about the south-eastern Asia testaceans it is 
evident that the testate amoebae fauna of Vietnam has similar parameters. It is rich in species 
composition, but less genera and families arc represented here (for example: Bonnet, 1981 - 
Thailand - 104 species, 31 genera; Bonnet. 1980 - Philippines - 110 species. 38 genera; Bonnet. 
1980 - Papua-New Guinea - 121 species, 35 genera. Bonnet. 1977 - Nepal - 130 species, 37 
genera; BartoS, 1963 - Java - 77 species, 2J genera). 

In the studied communities families which are common in the forest soils in temperate ione 
arc absent (Microchlamyidae, Paraquadruhdac, Lesquercusiidae, Amphitrematidae, Gromiidae 










and Cyphoderidae) or in ihe soils of tropical zone (Distomatopyxidac, Lamtopyxtdae). In the re¬ 
presented families are absent many genera (for ex am pie Geopyxella, Sckwabla, Pseudawerintzewia, 
liulinullaria, Pontigulasia, Cryptodifilugia). 

Frequency over 50 % was reached in the species Centropyxis dejlandriana, Corythion dubium , 
Euglypha cristata, F. laevis, F. rotunda, E. tuberculara, Heleopera minuta , Plagiopyxis caUida, 
Trinema complanatum, T. complanaium var. aerophila, T enchelys and T. lineare. 

The composition of the studied communities was in principle similar to the composition of the 
testate amoebae communities in the cited papers (the majority of the members in the families 
Contropyxidac, Euglyphidue, Hyalosphcniidac and Trincmatidac). Differences were found in 
rare species. 

In the studied testate amoebae communities several very well determined groups of species 
were represented. The first group is composed of cosmopolitan species (often euryvalent spe¬ 
cies). which are common in all ecosystems on the Farth (for example Centropyxis aerophila , 
Corythion dubium, Assulina muscorum, Euglypha laevis, E. rotunda, Phrygantila acropodia, 
Trincma complanatum, T. enchelys, T. lineare). The second group are “tropical” species, wliich 
were known up to this time from the tropical zone only (for example Centropyxis latidefiandriana. 
C. protectu, C. stenodeflandriana. Cyclopyxis quadratus var. grandis var. n.. C. stephanosloma, 
C. tnlobata, Deharxengia papuensis, Heleopera alsiosa, Hyalosphenia tamdaoensis sp. n.. II. 
schoutedem, If. schoutedeni var. rotundata, Plagiopyxis rostrata, Quadrulella quadrigera, Trinema 
enchelys var. aerophila. T. enchelys var. nasurticola and T. staryi sp. n.). The rest are specialized 
species (moss-inhabiting, sphagnum-inhabiting), which were determined up to this time in some 
continents and probably these species are cosmopolitan. 

From ecological groups especially the species of the moist and very moist substrates (no aquatic 
species) were represented here - for example As.w/imi muscorum. Centropyxis aculeata , Cyclopyxis 
humilis, Difflugia lucida, Euglypha cristata and its varieties, E. filifera, I/yalosphenia papilio, 
Trigonopyxis arcula. The euryvalent species were represented with Centropyxis aerophila. 
Cyclopyxis kahU, Euglypha laevis, E. rotunda. Corythion dubium. Ncbela miliiaris, Heleopera 
petricola, Phryganella acropodia, Tracheleuglypha acolla and Trincma lineare. The soil species 
were found in the low numbers (for example Centropyxis comuta, C. ovalis. Cyclopyxis eurystoma 
var. grandis , Heleopera alsiosa, Trinema lineare var. grandis). 

The samples of soil and liner were removed so that the variability of biotope was recorded 
(undisuitegrated leaf litter, disintegrated leaf litter, arthropodic moder, very moist humic soil, 
moist soil without plant cover and plant rests). The communities in the studied biotope were 
relatively unsimilar and heterogenous. For evaluating community homogeneity (or heterogene¬ 
ity) the Sorensen index of faunistical similarity’ at the species and genera levels (Fig. 3 and Fig. 4) 
was applied. On the species level (Fig. 3) die lowest similarity among the sample I$2 and all 
other samples (8.3 - 27.6 %) was determined. The highest similarity was found between the 
samples 188 and 200 (58.3 %). Altogether the faunistical similarity on the species level was 
relatively low’. On the genera level of Sorensen index of faunistical similarity (Fig. 4) the lowest 
value was found among the sample 182 and other samples (15.4 62.5 %). The highest values of 
faunistical similarity were determined among the samples 188 and 198 (94 I %). 185 and 200 
(93.3 %), 183 and 185 (88.9 %), 195 and 1% (88.0 %). The faunistical similarity on the genera 
level was more expressive than that on the species level. Those data give evidence that the testate 
amoebae communities in the soil and litter of primary rain forest arc very dependent on 
microhabitats. Single microhabitats are different in physical and pedological charaetenlies uml 
these differences determine the composition of the testate amoebae community on the individual 
habitat. In die Table 1 number values of species and genera axe presented. Those data verify the 
heterogeneity of the restate amoebae communities in the soil and Utter of the primary rain forest 
near Tam-Dao. 
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Abundances, numbers of species and genera in particular samples were very different (Table 
1). The lowest abundance was found in (he sample 182 (58 500 ex.g 1 ), the highest one in the 
sample 196 (144 900 ex.g'). The lowest number of species was determined in the sample 182 (10 
species), the highest one in the sample 196 (41 species). The lowest number of genera was found 
in the samples 182 and 191 (6 genera), the highest one in the samples 185 and 200 (15 genera). 

The LF index after Bonnet (1964) (Tabic 1) -Tcstaccafilosa/Testacealobosa ratio • was. except 
the sample 186. negative (LF: from -0.4 to -0.03). This fact gives evidence that in the individual 
testate amoebae communities the membres of the Testaceafilosa were predominat. The majority 
of members of Testaceafilosa group is (after Bonnet) the mark of the unstabilized (quickly devel¬ 
oping) soil testate amoebae community. 

The dimensions of the shells of all determined species were measured in the upper limit of the 
in the literature cited dimensions. Little shells were rare in species populations. In testate amoe¬ 
bae communities many varieties of typical species which differ in their sizes were determined 
(for example Cyclopyxis eurysioma vat. grandis. C quadrat us var. grandis. Tracheleugtv- 
phiJ deniata var. elorgata, Trinema complanalum var. elongala. T. lineare var. grandis). The new 
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Fig. 4 Sorensen’s inUex values at the genera level. 


species Trinema staryi is np to this time the greatest species of this genera. The majority of large 
forms of testaceans is a symptom of good ecological and life conditions in the studied area (high 
moisture, temperature, sufficient number of food etc.). 

Descriptions of new species for science 

Cyclopyxis quadratux var. graiutis van n. (Fig. 5) 

Description. Shell by ventral view tetragonal (square, oblong or trapezium) with rounded edges. 
By side view shell vaulted, almost hcmisphaerical. The organic matter of shell covered with 
large, flat, polygonal mineral particles. The shell translucent, light brown gray or light rusty- 
brown The aperture round or breath oval with undulated rim. uninvaginafed, in the centre uf the 
holtom side of the shell. From the nominate form Cyclopyxis quuibatus Decloitre differ vritb its 
large dimensions only 

Protoplasm. Not observed, only empty shells or encysted individuals were observed. In encysted 
individuals there is only one dark brown globular cyst, with smooth surface m the shell. 
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Table 1 Number of species (NS), number of genera (NG). abundance in iml . g '(A) and values of L^-imlc* (I-F) m 
single samples 


Sample No 

NS 

NG 

A 

IF 

182 

10 

6 

58 500 

-0.40 

183 

31 

10 

88 800 

-0.16 

184 

24 

10 

8 ! 000 

008 

IBS 

31 

15 

96 000 

-0.16 

186 

20 

9 

76 200 

0.00 

188 

17 

9 

65 700 

-0.29 

189 

18 

10 

73 800 

-Oil 

190 

21 

12 

94 500 

-0 14 

191 

15 

6 

59 700 

-0 33 

192 

28 

11 

74 400 

-0 36 

193 

25 

11 

95 400 

-0 20 

195 

29 

12 

108 600 

-0.03 

196 

41 

12 

144 900 

-0 17 

197 

39 

14 

124 500 

■0.03 

198 

20 

9 

72 900 

- 0.10 

199 

24 

to 

68 400 

-0 25 

200 

31 

15 

89 700 

-0.03 


Dimensions. Length 148 - 158 pm, breadth 146 - 157 um, heigth 70 - 76 pm. diameter of aperture 
62 - 60 pm (biometrical characteristics see Table 2). 

Holotype dimensions. Length 150 pm. breadth 149 pm, heigth 72 pm, diameter of aperture 63 pm 
(Fig 5a and 5c) 

Locus typici'S Vietnam, Tam-Dao. primary mountain rain forest, sample No 18V, very disintegrated leaf litter Leg J 
Slaty 12 individuals (7 empty shells, 5 encysted individuals) 

Hcoi.ogy Cyclopyxis quadratics (nominate form) was: found in the leaf litter of the vine and 
“aibre tie Judee" in the neigbourhood of the Var city in France. A new variety was determined in 
very disintegrated leaf litter from a tropical rain forest. 11 Is clear, that the nominate form and new 
variety are fixed on the disintegrated Leaf litter. 

Type maiuum. Holotype and 2 paratype slides are deposited in r!*r author's collection of pamanrnl slides, Istitutc at’ 
Soft Riologv, Academy of Sciences of the Czech Republic. Ceskif BudCjovice 

Dkkivaito nominis. New variety is called according die sue difference from die nominate form 
Cyclopyxis quadraius. 


lable 2 Biometrical characteristics of Cydopyxis quadralus vaj. granilu vur n (x - arithmetical mean, M - median, 
s - standard deviation, V - cocfficienl of vanauon in %. Min • minimum. Max - maximum, n • number of investigated 
individuals, all dimensions in pm) 



X 

M 

S 

V 

Min 

Max 

n 

length 

153 75 

15500 

3 36 

2.19 

148 0 

1590 

12 

breadth 

151 66 

152 00 

3 45 

2 27 

146 0 

157 0 

12 

lielgih 

72 75 

72 50 

2 26 

3 11 

70.0 

76 0 

12 

diameter of aperture 

66 00 

66 ‘X) 

2 25 

3 42 

62 0 

69 0 

12 


10 








ftg 5 Cyclopyns tfuadraitu vaj gntndu vttr n (u. b. c. d - ventral view, c - Jatcnal view). 


Hyalosuftenia tamdaoensis sp. n. (Fig. 6) 

Description. Shell bilaterally symmelncal.long, narrow oval, egg-shaped or vase-shaped, on the 
cross section bean-shaped or kidney-shaped. Dorsal side vaulted, ventral side depressed, depres¬ 
sion elliptical. Shell from the organic matter only, with relative robust shell wall, surface smooth. 
Lateral pores absent. Shell pellucid, translucent, light yellow or yellow-orange. Aperture small, 
elliptical, with thick rim. 

f'Rinopi.ASM. Not observed, only empty shells were observed. 

Dimensions. Length 107 -115 pm, breadth 31-36 pm, thickness 9 - 15 pm. thickness of die shell 
wall I - 2.5 pm, aperture 9-11x3-6 pm, elliptical depression 76 - 8# x 17 - 23 pin (biometrical 
characteristics see Table 3). 

Holotype dimensions. Length 110 pm. breadth 32 pm, thickness 10 pm. thickness of the shell 
wall 1.5 pm, aperture 10x4 pm, elliptical depression 79 x 20 pm (Fig. 6 a - d). 


II 


Table 3. Biometrical chanictcrisUcs of Hyalosphenia lamdaoemis sp. n (explanatory notes see Table 2) 



X 

M 

i 

V 

Mm 

Max 

n 

length 

110.75 

110.50 

2.33 

2.10 

107.0 

1150 

8 

breadth 

33.34 

33 00 

1.59 

479 

31.0 

36 0 

8 

thickness 

12.00 

1200 

1 91 

16.06 

9.0 

15.0 

3 

breath of aperture 

9.63 

9.00 

0.92 

9.51 

9.0 

11.0 

S 

length of aperture 

3.83 

3.50 

1.13 

29 02 

.1.0 

6.0 

8 



H*. 6. Hyaiatphenw tumdirvmxv, »p n (a dorsal view; b. e. f, p, h - ventral view; c - lateral view; d - cross section). 
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Locus typiccs. Vidnarr. Tim-Dao, primary mountain lain forest, sample No. 1%. arthiopodie modcr mixed with the 
very disintegrated Irilf litter. lep I. Stary. 8 empty she!!.'. 

Ecouxiy. The shell shape signalizes, that this .species is the soil inhabitant with the typical eco¬ 
logical adaptation (thin. arched shell, small aperture). This species is probably attached to humic 
soil horizon. 

Taxonomic ai. comments. Shells of this species arc similar to those of the Hyalaspheniu sub/Java. 
11. schoutcdcni and H. gigantea dc Graaf. The new species differs in its dimensions the following 
ones (greater than H. subflava and H. schoutedeni, smaller than H. gigantea), further on a different 
pscudostom shape (aperture is smaller in its dimensions than the apertures of all three above- 
mentioned spec.es). loss of lateral pores and general shape (depression of the shell). 

Typf. Msiwia. Holotypc and two paratype slides we deposited in the author's collection of the permanent slides, 
institute oi Soil Biology, Academy of Sciences of the C«rch Republic, Cnkt Budfejovice. 


Dpr:vatiu nominis. The species name "tamdaotmsis " was elected after the studied locality (Tam- 
-Dao). 


Trinema staryi sp. n. (Fig. 7) 

Description. Great shell in the ventral and lateral view drop-shaped, dorsoventrally strong de¬ 
pressed. Shell from hyaline, colourless organic matter. On the surface of the shell there arc great 
isolated round plates, the spaces among them are filled with small round plates.The shell translu¬ 
cent. pellucid, colorless. The aperture rounded, great, in the narrow and low part of the shell. The 
periphery of the aperture are bordered with small dents. 

Protoplasm. Translucent, pellucid, colorless. One nucleus. 1 - 5 vacuoles. Pseudopodia filopodia- 
type, chin, thread-like, in different lengths, non-anastomose. Epipodia thin, thread-like. 
Dimensions. Length 1% - 248 pm, breadth 148 - 212 pm. thickness 48 - 64 pm, diameter of 
aperture 64 - 79 pm, diameter of great plates 16-20 pm, diameter of small plates 2 - 4 pm 
(biometrical characteristics see Table 4). 

Holotype dimensions. Length 240 pm. breadth 206 pm, thickness 55 pm. diameter of aperture, 69 
pm, diameter of great plates 17 pm. diameter of small plates, 2 pm (Fig. 7 a - h). 

Locus Tvwas. Vietnam, Tam-Dao. primary mountain rain forest, samples 183, 191, 192 and 195, humic soil horizon, 
mixture of the disintegrated leaf litter and mineral particle*. Leg. J. Stary. 30 shells were measured. In samples were 
founded many empty shells and live individual* 


Ecology. This species is probably connecced with the moist humic soil horizon. The flattened 
shell signalize the tolerance to the moisture fluctuations. The food of this species was composed 
of bacteria and organic detritus (after the food vacuoles content). 


Table 4 Biometrical chririwlertstlcs of Trine mo tiaryi sp. n. (explanatory notes see Table 2) 



X 

M 

s 

V 

Min 

Max 

n 

length 

224 61 

228.50 

16.05 

7.15 

196.0 

248 0 

30 

breadth 

175 93 

176.50 

20.94 

II 90 

1480 

2120 

30 

thickncs.' 

56.03 

55.50 

-.83 

8.62 

48.0 

64.0 

30 

diameter of aperture 

71 10 

73 00 

*1.46 

627 

64.0 

79 0 

30 
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hifc 7 Tnntma it ary sp n (a. t, J - veritml vkw. b - literal view) 


Taxonomical comments. This species is similar (in (he shape) to Trinema grumhs and differ from 
it by the dimensions (the greatest member of the genus Trinema) and by the plates arrangement 
on die shell surface. 


T YPr. MATCHIAI Holotype end 4 paraiype stides are depoMted in the author's permanent slide collection. Institute of Soil 
Biology, Acadeny of Sciences of the Czech Republic, Ceskd nuddjovtee 

DorivatK) No.MtNiS Tins species is dedicated to the soil onbatid mites .specialist Dr Josef Stary 
from the Institute of Sod Biology. Cesfcd Buddjovice 
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Biometrics, bala. geographic variation, dines, Mediterranean, bkigeogritphy 

Abbtracl. A mciphomctricil study ot a huge sample (134S sped mens) of three Myotis spp. (M myoris, M. Myth!. M 
mutertrt s.l.) revsaled in all three ta«a a clinal variation in cranutl measurements from Che Western Mediterranean via 
Central Europe and Balkars to the Eastern Mediterranean. The trend of *1 it Increase from West to East terminate.! in 
Hu-* I'tmio-C'nspiun region. Nevertheless, being the marginal populations excluded, the geographically dependent 
morpiniinrtric variation is insipnifiiaikt Hence, the populations uf Contr.il Euiop*. Balkans and fc astern Mediterranean 
arc relatlvclly homogenous as to their variation partem and, in contrast to those of Ponto-Cospian region and/or of the 
Wcsieni Mediterranean show no isolation-by-d»iaDCtf variation 


IWTRODCCTTON 

The pattern of geographic variation ranks among the mosl important characteristics of any 
taxon. It may provide a complex information on internal structure of the taxon, its adaptation 
dynamics and/or on history of its distribution. Anyhow, such a type i.nfonn'HJon is accessible 
only through a detailed analysis of quite a large material of population samples covering both the 
distribution range of the taxon and the traits responsible for Its phenotypic variation as coni' 
pletcly as possible (Gould & Johnston 1972. Thorpe 1985. 1987). 

In bats, such studies are often limited due to actual rarity of most species and scarcity of 
materials, particularly those of the marginal populations Thus, it is not surprising that only very- 
few studies are avuilublc lhai deal with geographic variation of clnropterun species in details, and 
analyze also the possible factors responsible for the observed patterns of variation (Findley & 
Wilson 1982, Findley 1992). As concerns vespertihonkls that became subject of .such studies 
much more frequently than any other bats, such investigations have been undertaken e.g. with 
Piplstrelhu hespcrus( Findley ATr-aut 1970), Myotis lucifugus and M fortidens (Findley & Jones 
1967),Mwtt» catifomicus (Bogan 1975). Eptesicus Justus (Burnett 1988), Myotis blyllu (Strelkov 
1972) or with Myotis daubentoni (Bogdanowic; 1990). 

Studying morphometric variation In two W-Palearctic sibling species. Myotis myotis and M. 
blytki , we found (.similarly to the above mentioned studies) a clear cline variation in size (Benda 
& Hord£elc 1995). parallel In both the species. Appearance of such a parallelism can generally be 
regarded a phenomenon of a considerable interest. It may cither reflect mutual ecological rela¬ 
tions between the species (e g. in form of a character displacement) or appearance of a geographical 
gradient in some environmental currents affecting the respective populations. The previous paper 
(Benda & Hcraeck 1995) discussed the former possibility, this one is focused to die latter aspect. 
To assess a validity of the latter alternative, one should enlarge a set of the species under compari¬ 
son with some other sympatric forms not coming in actual ecological interactions. In respect lo 
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the material available, we take in comparison Myoris nattereri. Although it is a gleaner, similarity 
like the two species under discussion, in its diet, in hunting grounds and/or in roost preferences it 
differs from the two mentioned species quite a much (cf. Bauerovd 7978. Bauerova & Cerveny 
1986, Arietta? 1994, £crveny & Horafiek 1981). Moreover. Myoris nattereri and related species 
became already a subject of u detailed morphometncal study (HoriScek & Handk i984) though it 
has not been focused to the topics under discussion. 

Similarly as in the ca.sc of the other two species, the metrical data on which the above men¬ 
tioned papers were based has not been published as yet. 

Consequently, this paper is intended to (1) provide a survey of the primary biometrical data 
for whole the material discussed in die above mentioned previous papers (i.e., Hor^Cck & Han^k 
1984. Benda 1994, Benda & Hortteek 1995), (2) evaluate major patterns of the geograpliical 
variation in the Western Palcarctic range in each of the species under study, and (3) compare ail 
three species from this viewpoint and discuss possible biogeographic phenomena revealed from 
the differences and/or similarities among them. 




Fig I A map surrey of the mat trial 

under study (sec Appcndis I for details). 

Top left Afyvus mytna, 

top right • M blytht, 

bottom - M nanertn group 

(i e incl iW schouht araxenus hi) 
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MATERIAL AND METHODS 


I lie paper in an an extensive sample of museum specimens, in total amounting to 1348 adult individuals, viz. 

71 ? ind. o i Myelin myotic (Herkhausen. 1797), 425 Myotia blythl (Tomes. 1857). and 206 in Myoiis naiterm group - 
including Myoiis naneren (Kuril. 1818). M sdwubi urasenus (Dahl, 1047). and other named local forms in sense of 
HotSfek fie Hur.aJi (1984) For more details on source of the material see Appendix I and Fig la c 

The comparisons are baste on 26 cranial characters including 26 measurements, external measurements has not 
been evaluated In this paper. All the respective characters arc surveyed in Appendix 2. The standard cranial dimensions 
writ measured with aul of a calliper, dental measurements were taken by a stcieomicmscope equiped with measuring 
device. 

In each species, the total sample was subdivided into subsets based on the source areas, which then were treated 
separately. We computed basic statistic! for each suhser and compared the sub-sets with aid of both the primary data and 
the statistical characteristics using more uni-. b> and multivariate techniques. 

The geographic, regions were delimited more or less arbitrarily ill respect to actual amount of lhr material available 
from a region as well as a distance of a sample front neighbouring source areas. In contrast to central Europe where 
a large amount ul material was available for each species und each geographically delimited subset, some marginal 
.was were represented with quite poor samples only. 

For simplicity sake. In this paper, we refer (because of the reasons mentioned elsewhere - Benda & Heroick 1995) 
'lie samples of the North African form. Myoiis [M. blyliu oi M. myoiis) punicus, to M whs myoiis , without neglecting all 
uncertainties concerning its actual status. Correspondingly, due to reasons summarized by Horlfiek & Hanik (1984) 
"Myvtis nahertrt artutnus" is here considered as an independent species, M. schtiubi araxenus. 



WMeflUBtrinMn C-turop* 


Balkan* Middle East 


Fig. 2. A bivariate plot of condylobasal length (LCb) vji length of upper tooth row (CM3/) in three spcdcs under 
study l ine polygons refer to maigmal values in total samples of individual species, dashed clouds to those in the sets 
respective to the Wr stem Mediterranean <NA. SPj. Central Europe (SW. BO. MO, PL. SK), Balkans (AL. RO. BG. GR, 
WI) and the Middle bast (t il KD. TC. Nl) 
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RESULTS 


In general, an average amount of variation in total samples were almost the same for each 
species (coeffieienls of variation for individuals characters varied from 0.023 to 0.090, being 
generally the highest in the premolar row including dental lenghts, viz. C-P4, P1-P4). In this 
respect, only minute differences were found among the species as well as among the individual 
samples. 




Hig. S. Values of the isi principal component (expressing a size aspect) in individual .samples of each respective 
species (computed for each species separately). arranged along West-East direction. 
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Anyhow, already the simpliest univariate comparison revealed considerable differences both 
ia mean and extreme values among the samples coming from different regions. In all three spe¬ 
cies. (he smallesi values appeared in samples from the Western Mediterranean, the largest ones 
from those of Eastern Turkey, Transcuueasia and/or the Northwestern Iran Within the European 
samples, in all three species, those coming from die Balkans wetc larger than those from Central 
Europe (Fig. 2). Such a situation seems to indicate a cline increase in size, as expressed by cranial 
measurements under study, from West to East 

The same impression can be obtained from the values of the 1st principal component (that is 
generally understood as a generalized size factor) respective to individual samples (Fig. 3). They 
also indicate that, although such a cline can well be demonstrated for whole the European and 
Mediterranean region, ir terminates at the Ponto-Caspian zone, and is not expressed eastern of it. 
In M. blythi and in At. ruittereri, die central Asiatic forms are generally smaller than those of the 
Ponto-Caspian region, M ntyoris does not cross that zone, at all. 

The analysis of principal component of the morphometrical space composed of whole the 
material under study (i.e. of all three taxa) revealed invariant y quite a specific position of mar¬ 
ginal populations, i.c. those of Northern Africa and, on the other, those of Northern Turkey, 
Transcaucasia, Kurdistan and North-western Iran (Fig. 4). They appear here in considerable dis- 



Hg 4 Results ot principal component analysis for n total sample: plot of the 1st and the 2ml principal components 
for each respective itcpulanons unrU-r study Mote extreme positions of the North African populations (black arrows) 
end those of the fcusiert Turkey and/or North Iran (open saws), belli distant troru major clouds cf each respective 
species Explanations- myo M myota samples MO. SK. BG. hly M. bhtfo samples MO. SK. AL. BG; nal - Af 
noueitn samples BO, PI., MO, IS, WT; Nl# - M. sc.hauhi araten u.r. J* - M. pequmuu Thomas. 1908, a Chinese form, 
placed here as a sister species ot the West Palearctic representatives of M najtcrrri group. For other abbreviations see 
H E t. 
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lance from clouds of ah remaining populations of each respective species, j.e. the populations 
from central Europe, IJalkans, West Turkey and - surprisingly, among them also those of Central 
Asia. 

In general, in all three taxa. there is quite a high correlation between mean taxonomic dis¬ 
tances of the individual population samples and their geographic distances (Tab. 1). Nevertheless, 


Table I Mean coefficients of character variance <CV) and coefficients of parametric correlation (r) between the 
generalized Unotmnncal distances among the sample pain and tlieir geographies! distances in totul samples of each 
tftspfciis* species and in the samples nor including those from the marginal regions (i.e samples of Central Europe, 
Balkans and Western Turkey) Significance levels cf r i*<0.001. " O0l<P<U05. - PMJ.l 



Tbtai sampti 

cv 

r 

C-fcuropc.Bulkans.WT 

TV r 

Myntis myous 

0.046 

0 757 ’** 

0 039 

0 421 • 

Myvto blyihi 

0.039 

0.708 *** 

0 037 

0 245 - 

Myntis nautrrn group 

0.044 

0 355 “ 

0.032 

0.148 - 

Myotu mttefm a) 

0 038 

0 646 •*• 

0 032 

0 148 - 


a) without M K'haubi araxenus 



Pig. 5 Generalized taxonomies! distances between each pair of samples plotted against the geographic distances of 
the respective populations M mynliy distance?, from marginal populations, NA and FT. arid those among remaining 
samples, lespectivelly. separated by line polygon?; 
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gaograph;cal d stance (km) 

Fig. 6. Generalized Uuanomical distances between each pair of samples plotted against the geographical distances 
of the respective populations. M. biyihi: distances from marginal populations. SP and ET-TC. and those among remain¬ 
ing samples (those of Centra] Asia being excluded) separated by line polygons. 

being the above mentioned marginal populations removed, the respective correlations become 
very faint only, and invariably, insignifficant (Tab. 1, Fig. 5-8). Consequently, it indicates, that in 
respect to geographic size variation, the populations of Central Europe. Balkans and the Eastern 
Mediterranean s.str. arc homogenous and in this character showing no significant isolation-by- 
-distance pattern. Although the above mentioned marginal populations represent only a minute 
part of total sample, as a rule, excluding them, a mean character variation of the total samples 
decreases considerably ( 12. 1% in M. naitereri, 15% in M. myolis, 4.7% in M. biyihi). 

The great]y pronounced mutual differences among the marginal populations and remaining 
ones (as mentioned above) indicate the general pattern of geographic variation in all three taxa is 
of a categorial (Thorpe 1987) or “stepped cline" (Grant 1972) type rather than a smooth cline 
variation as expected on the basis of the univariate or bivariate comparisons 


DISCUSSION AND CONCLUSIONS 

An overall cJinal increase in size, parallel in all three faxa under study, represents apparently 
the first point that is to he discussed. In the western Puleuictic, a body size increuse from West to 
East is know n to occur in more mammalian species. In great majority this concerns, of course, the 
elements of the boreal /.one - shrews such as So rex caecutienx, S. ixodon (Dolgov 1972) or more 
rodents (Gromov & Poljakov 1977, Dupal 1987) which E European and W Siberian forms are 
generally considerably larger than those of the W- and Central Europe. This also concerns bats. 
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fcaI distance taxonomic* 



geographical distanco {kmj 





e.g. Myoiis daubenutni (HanAk & IlorACek 3984, Bogdanowicz 1990) or Vespertilio murinus. In 
ail these eases, simikuly as in most of other instances when elinul variation in body si/e was 
observed (Findley & Jones 1%7, Findley & Traut 1972, Burnett 1983). a good correspondence 
with increasing climatic severity suggests which kind factors may he responsible for the phenom¬ 
enon. Body size is here looked upon as inversely related to temperature, correspondingly to the 
South - North clinc, which general appearance in many taxa became the primary- source of the 
classical form of Bcrgn emu's (1847) rule (for details and a number of examples see e.g. Panteleev 
1983). 

Appearance of a si/e increase dine from West to East in ihc Mediterranean region can hardly 
be explained in that way, of course. At the same time, it is to be stressed that this cline appears 
parallel not only in three species under study but supposedly in more other forms of the ponto- 
lucdilcrruncan distribution. - Rhmolvphus ftrrumequmum can serve here as a good example fde 
Paz 1994) James (1970) discussing geographic variation in the North American birds demonstated 
that body si/e often exhibits a better negative correlation with environmental moisture than with 
temperature. In these connections he proposed a corrected form ofBeiginann's rule: "Jntraspecific 
variation in homeotherms is related to a combination of climatic variables that includes tempera¬ 
ture and moisture. Small size is associated with hot humid conditions, larger size with cooler nr 
drier conditions". The previous studies on chiropteran geographic variation indicated, in contrast 
to temperature, rather a positive relation between body si/e and moisture (Burnett 1983, 
Bogdanowicz 1990). which contradicts James's (1970) concept. Such a situation has been ex¬ 
plained by metabolic specificities of bats that enable them to balance stressing effect of low 
environmental moisture without necessitating to reduce surface area to volume ratio (cf. Burnett 
1983). 

The situation revealed in the Mediterranean region, where temperature is generally relatively 
high, while precipitation dramatically decreases from West to Hast (Riper 1971) could, in con¬ 
trast, indicate a validity of the moisture factor. 

Nevertheless, as indicated by our results, such a view is justified only on a very rough scale, 
i.e. when evaluating an overall pattern within an area from the western-most Mediterranean to 
North-western Iran. In each three taxa. the West Palearctic populations can be easily subdivided 
onto three different groups - those of the smallest body size in the Western Mediterranean, the 
medium sized in Central Europe and Eastern Mediterranean and the large-sized in the Ponto- 
Caspian region. Our data indicates that transitions among them are most probably not gradual. 
The situation within the region occupied by medium-sized forms suggests only faint if any geo¬ 
graphically dependent size variation - in any case, much lesser than could be predicted based on 
the overall cline pattern. This not only substantiates the taxonomical conclusions proposed in our 
previous papers (Hor,i£ek & Handk 19S4, Benda & Horifiek 1995) that all three allopatric 
groups are to be taxonomically separated (on a subspecific level in case of M. myoiis and Af. 
blythi, on a species level in case of Af schaubi araxenus ) but also indicates that all three respec¬ 
tive regions do indeed represent quite a different biogeographical units (cf. dc Lattin 1967 for 


Figs 7 - 8. Generalized taxonomical distances between each pair of samples plotted against ibe geographical dis¬ 
tances of (he respective populations 7 - M. natieren group distance!, from marginal populations. M (M whaufo 
uraxtnui) and NA-KD. and those among remaining samples (except for TK) separated by line polygons 8 • Af naiitren 
s sir distances from marginal populations. NA. TK, KD. SP. and those among remaining samples separated by line 
polygons 
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a comparison) possessing specific patterns of selection conditions, different from those in other 

regions 

Among other it also claims for that the data on geographic variation in moiphomctncal char¬ 
acters were complemented with results oi a through study of the chorologtcaJ and ecological 
specificities of these regions, their mutual relations in all these respects, and with a study of 
significance of these factors for the West PalearcUc faunal evolution 
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APPENDIX ! - SURVEY OT MATERIAL UNDER STUDY 

For each geographic sample, Pie following data axe provided (a) locality (district). <b) collection (for abbervtacsor* see 
Appendix II), (c) number of specimens (m - males, f - females, x - sex undetermined) 


Myotis myotis 

NA-NORTH AFRICA: Morocco Tn/a (Tara) UL 2m, Algeria A ok as cave(Bejaia) MUD 27m, ISf, Ouhran (Outran) 
MUB 2f, Souk el Tnme (Bcjaia) M-UB 3f. Tlddis (Constantine) MUB 4m; Tikdja (UUa Kicidja) MUB 2m; Yakourcn 
(Azazga) MLB Im. Tunisia. hJ [)jem ISZ lOni. 2f. Tunis (Tunis) MG Im 
SP-SPAIN: Barcelona (CaUlufa.) XJI. 2m 

SW-SWITZER1 -AND: Conner (Vrod) UL 5x: Chlppis (Valais) UL lx: Fully (Valais) UL 31. 2x: Karogne (Valais) UL 
Im. If. Karon (Valais) UI-2%; Saillon (Valais) UL lx. 

BO-BOIIEMIA: B*le»! Clltadec Krttavtf) ASB If. BcncSov nad temou (Ccsk? Krumlov) ISZ 2m; Bcroun (Bcroun) 
ISZ 41. Ccsky Uub (Liberec) LSZ 2x. Dobfcmce(Hrndec Kr&lovtf) ASB Im; DobHchoviee (Prahu-e&pud) ISZ 30f. lx. 
fiolihs (PKbram) 157 2m. Sf. DomaJlice (Domailice) ISZ 8m. I6f; Dvflr Krrflove (Tmcnov) ASB 5f. Hlavice (Iiberec) 
ISZ. lx: Hradec krflovtf (Hradcc Kr4lovd)ASB lm, JaromM(N(Jchod)ISZ If. Jcmniftte (BmeSov) ISZ If. JcMufky Mis. 
(undefined) ISZ lm. If. Jflovtf u I’rahy (Praha-zApad) ISZ 2m. 71. 2x; Kadov (Slrukun.ee) ASB If; KardaSova Ret ice 
(JiixUielifiv Hradec) NMP2f. KailHejn (Beroun) ISZ 7m, 8f. lx. ASB lm, If, Kaiperski I lory (Ktolovy) ASB 2f. Kol»n 
(Kolin) ISZ lm. Kru*n6 hory Mb. (undefined) ISZ If; Ixdcc (Mladd Boleslav) ISZ 2m, ’:f: Lnife (Strakomcc) ASB Im; 
MaUi Motfvka(Bruntil) ASB 2m. 2f. Mofina(Bcroun) ISZ2f; Pccka (JiOin) ASB If.PWi« (Mladd Boleslav) [SZ Im. 
PerSlejn (Chomutw) ISZ lx, Pislin (fcsk£ Bud£jovice) ASB 2m, 2f, Pozdrn (Kbdno) ISZ lx. Praha (Praha) NMP I3f. 
lx; Rabi (Klatovy) ISZ 6m. 3f; Rataje (Cislav) ISZ If; Sedlcc (Ceded Budijovicc) ASB lir„ If; SndFntf (Hychoov nati 
KnMnuu) ASB If. Srbsko (Berouti) ISZ 3m, 2lf. I2x. ASB 6m. 7f. Stdtery (Hradac Krdlovd) ASB If, Slid? nad 
Nrttiknu (Jmdfichuv lliadec) ISZ2f. Troja (Praha) ISZ Im. lx, Tfeboft (Jindfichtlv llradcc) ISZ5m. I6f. 5x, Ostl nad 
Labcra (Oslf nad Labera) ISZ 41; Vclkjf Tlsy fishpond (Jindfichflv Hradcc) ISZ I m. 3f View (Tabor) ISZ 2f. Zbraslav 
(Pialn) ISZ 7f. Zvfkt.v (Pfsek) ISZ I in, 2f, lx; Zinkovy (Pl/eft-ph) ISZ Im. Zofin (CetkJ Krumlov) 157 lm 
MO-MORAV1A: fllansko (Blansko) ASB 2f, Brno (Bmo) ASB 3f, BjiCf skdla cave t.Blansko) 4m, 131. Ccmd Horu 
(B)««sko) ASB 20 !. Fa-nStdl pcJ RadhoStini(Nov)' Jllllt)ASB If; Kveimcc u Tijm.va (Bmo.venkov) ASR Im.Lideckc 
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(Vsciln) ISZ lm. Lommcx u Tiunova iBIansko) ASB 51. Macocha cave (Blunsko) ASB 4m. 51. Mikuluv (Ufeclav) ASB 
hr. MuiavsV.)' Kmnilisv (Tn-oimo) ASK 5f. Rdjec nad Svitavou (Blanvko) ASB 4f. Sddek (TTehif) IS/. Im. If, Sloupxka 
ia\-t il3tan«ko) IS7. In. ASB 2m, Radkov (Sviiavy) ISZ lm. Tiunov (Bmo-vcnkovj ASB If, ValaSsW Klobouky (71ml 
(SZ 31. Vallice IBftxluv) ISZ hi:. ASB I m. Veveh (Bmo-venkov) ASR 2f, AIAr i.irI S&avou (Zdfii nad Scaavou) ASB 

IT 

SK-SLOVAKJA: Ardovo (RoDAsva) ISZ 2m. 5f. Chlaba (Novd Zdmky) ISZ 21. ASB 2m. 3t. Domica (Kofcftava) NMP 
3m. 6f. ASB ?m. 5f. Dncnovec (Kt^H-e-vuliek) ISZ If. ASB If. Draiia cave (I.iptovsky Mikufoi) IS/ 5f. riuliniennad 
Vahoni (Pova/.xki Ryvtncnl TS7.4f. Ilafiava(Ko&ice-vidiek) ISZ Im. If, Harmanec (Banska Bystrica) fS7 17m. 9f. ASB 
2m. If. fjutotari'kcho cave (Banskd Bysinca) ISZ 2m. If. Liskovskd cave (Liplovsky MikuhM) ASB 11. Ludmila cave 
<Ho23Wvii) IS/ 2rn. Slovakian knt'l (undefined) ISZ 2m. 7f. Tivovec (Rimavskd Suboiu) ISZ lm. If, Velke Icvare 
(Semca) ASB 4f. Zuherec (Dofnv Kubi'n) ASB If 
PL-POLASU: Niciopcrck (Goraw Widkopolski) PB 2m. 4f. 2x 

BC-BUI-GAR/A; Bo&ovo(Plovdiv) ISZ 3m, If, lx, Rieslmca (l.ovefi) ISZ9m. If. Bulg-ina (undefined) ISZ lx,ASB 
In. £epelare{Smnljart) NMP If. Haidulkacave (I/ivefi)ISZ4m, If. Jagodma(Smolfan) KMP Im. Karhikcvo (Loved) 
ISZ 6m. 51. ASB lm. If. Kumunnn (Varna) ISZ lm. Nova cave (P«uaid2ik) ISZ In. II. ASB 2m. 21. Oreliovo (Smoljan) 
ISZ lm. Panezka cave (l.ovefi) IS7. 2m. 2f. Ploski (Sandanski) ISZ 4m. Prodiodna cave (Ixivec) lSZ2in.2f. Sner.|unk,i 
cave (PazardSik) ISZ 4m. Spahicvo (Haskovo) ISZ 3m, Suhaia cave (Vraca) ISZ Im, 4f. Tcmnata cave (Vraca) ISZ 5m, 
If. ASB 2f 

A1.-ALRAN1A: Mezhporanit cave (Tepelene) ISZ 4m, 7f. Vanixta (Gjirokaxter) ISZ 3m. If 
GK-GREECK: Greece (undefined) ISZ 2m. Knnmcna (Xanihi) ISZ 4m. II. Olympos (Plena) ISZ II 
WT-WESTTURKEY; Toros Mis (undefined) UL If. lx 

ET-EAST TURKEY: Akcaahac (Trabzon) AUV If, Camlimagara (Erzonim) AUV 4x. Kandiu (Adiyaman) JO 2x 


Myons blythi 

SP-SPAIN: Barcelona (Caialufia) HI. If 

SW-SVVITZKKLAM): Hilly fVala:s) UL 2m. If, 2x. Luiry (Vaud) UL !x. Nalcre (Valais) UL Im. 2f. 2 k. Karognc 
(Vnlaiv) UL lx. Rruou (Valois) UL 4a 

MO-MORAV1A: Byfiiskdlacave(Blansko) ASB If. Javoh?ko(01omouc)ASU I r.Joxefov (Blansko) ASB Im.Lcdmoe 
(Urcclav) ASB If. Macocha cave (Blansko) ASB Im. Mikulov (Bfcdav) ASB lm. If. Ochozskd cave (Bmo-venkov) 
ASB If. Slowpvkacave (blao^v) ISZ 2m 

SK-S1Z3VAKIA: Bysm pod ftumbierom (Banska Bysinca) ISZ 2x. Ccrvcnd Skala (Banska Bysinca) ASB lm. If. 
Oil aba (Nove Zdmkyl ISZ 25. ASU If. Dncnovec (KoSicc-vidick) ISZ 3m. If. ASB If. Hafiavskdcave (Kotice vidiek) 
ISZ 4n 5f. Hainuuiec (Ranskd Bystrica) ISZ 26m, 25f, 3x. ASH Im. 2f, llrhov (RoMiava) ISZ If. Uskovska cave 
(I.iptovsky MikuUtf) ASB Im. 2f. Myto pod Dumbierom (Banska Bysinca) ISZ lm. 2f. NizkC Tatry Mis (undefined) 
ISZ lm. ASB Im. Plaveokii Podhradie (Semen) ASU 4f. Slovakian kiuxl (Rof.ftava) ISZ III. 2f. TVibefi Mts (undefined) 
ASB If, Vrlke l*viire (SenicaJ ASB 2f 

BG-BULGAR1A: Bcloslav (Varna; NMP lm. Bulgana (undefined) ASB 2m, Gela (Smoljua) NMP l:n. Kamen Brjag 
(1‘olbuhin) ISZ2m. 2f. Karlukovo(Lovefi) ISZ 2m. If, Mala Deklci (Burgax)ISZ Im, Maslen Nos (Bureas) ISZ4m, I6f, 
lx. Sliven (Shvcn) ISZ 2m, NMP Im 
AL-ALBAMA: Mczhgoranit cave (Ifepelene) ISZ 2m. 5f 

RO-KOMANIA: fWimgea fuiuiefinod) ISZ 2f. Cave Liliacibr de la Gura Dobctigei (Con<ianta) fSZ Im, Cave Je ia 
Adam (Constaniaj ISZ Im 

\VT-WIST TURKEY: Lrtk-k (BaJikesir) AUV Im. 4f 

ET-EAST TURKEY: Camlimaeara (F.nrurum) AUV 2x. Muradiye (Van) PB im, Turiuca (Kars) AUV *m, 2f, Van 
(Van) TB Jm. Karadur (Adiyaman) JO lOx 

TC-TRANSCAUCASIA: Georgia Tbilisi (Tbilisi) ISZ 2m. Armenia Yerevan (Yerevan) ISZ Im. 2x. Azerbaijan 

Kys Kalasy (Shemakha) IS7. 6m. 7x 

Ni-NORTH IRAN: Mazdocian (Mashhad) AUV 6x 

TK-TURKMENISTAN: Bakharderskaya cave (Alial) ISZ 7m. I2f, lx 

IJZ-1IZBEKIS1AN: Amankuian (Samarqand) ISZ 4m. Samarqand (Sumanjand) ISZ Im. If 

NK-NOKTH KYRGYZSTAN: Ni/hnaya Serafunovka. Solyanka cave (Chuy) ISZ 9m 5f 

KI-SOUTn KYRGYZSTAN: Adrbidaar Ungur cave (Oxh) ISZ 21m, 23f. Aravan (0<h) ISZ J m. If . Barylovayu cave 
(Oxh) ISZ 8m, 7f, Kara-Goj (Osh) ISZ If. Suleyman hill (Osh) ISZ lm. Sasyk-Ungur cave^ (<3>h) ISZ 2m. If, Tuya- 
Muyun cliasm cave (Osh) ISZ 12m. 5Of 
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Myotls natteren group 


NA-NOUTH AFRICA: Morocco Khcmtra MHNP lm. Algcna Aokas cave (Bejaw) MUB !f. Am Fexza (Tfcmcen) 
RAS 12m, 6f 

SP-SPAlN: Portugal PenupaJ (undefined) SMF If, Spain Linares (Andalticfa) SMF 11. Spain (undefined) BMN1I lx. 
Salamanca (Camilla a Leon) SMF lm, Wl lm 

RO-BOHF.MIA: Beroun (Rerouti) ISZ If, Bohemia (undefined) ISZ 3m, If. Sx. 7,CM If. Chynovslui cave. (Tdlmr) ISZ 
Sm. If. DwMii (Tfeboft) ISZ 21. lx. JflovC u lYahy (Praha-zilpad) ISZ lm. If. Kobyla (Beroun) ISZ Jf. Kozolupy 
(Beroun) ISZ im. Ovesne Kladruby (ITcboh) ISZ lm. If, Srbsko (Betoun) ISZ 2m. TmrJiy Ujczd (Bexoun) ISZ lm. 
TynCany (Pftbram) ISZ lm. Vdky Tisy (Jindhchflv Hradec) 1S7. 2m, 8f lx West Bohemia, more localities WMP 
3m 6f 

MO-MOK.WIA: Hlavmcc (Opaval. Novy Dvur (Opava), Na Ponv/i cave (Sumpcrk) SMO 2m. Ml 
PLPOlAND: Bialowieza iRialisrAk) 7.BS lm. Konin (Komn) ZBS lx. Uihlin <1 .jhlin) ZBS 8x, Nietoperek (Cmrzriw 
WiclkopoJski) ZBS 21. Poznan fPoznan) ZBS 3x. Wlsznicc (Biala Podlaska) ZBS lx 

SK-SLOVAKIA: Bukova Tiencin ) SNMB 2m, Silrdti ladmca cave (RozAava) WMP hr), Dcbfttnka cave (Spfwk.1 
Novi Vcc) IS7 lx 

BG-BC'LOAKIA: Bicznica (Blugoevgrad) ISZ 3m. 1 f. Karlukovo(Lovec) ISZ2m,Gela, Jagodina. KoJopi Mis (Smoljun) 

[SZ I4m,2f. Ra/log (Blagoevgrad) ISZ Im 

GR-GRF.ECK: Mi sins. Aokas t.PeJoponcsos peninsula) Wl 3m. I6f 

WT-WEST TURKEY: Alans a (Alanya) Wl Im. Seddulbahir (Canakknle) NMW 7f. Ineekum (Alatiya) W| lm. 91 
Kr»-KIHD1STAN: NIL Iraq. data taken from Rzebik Kowalska tl al (1978). material his been reexamined hy ore of 
u« (111). PAS 5 

TC-TKANSCAUCASlA: Russia Dagestan (undefined) ZMU Im, Armenia Yclenovkn (Sevan Lake) ZIY lm. 
Aaahajnn Tug (Oadrud) 1S7 Im, 2f. Kyx-Kalasy (Shemakha) ISZ If 

TK-TURXMENISTAN: TAchi.lt (Kopci Mis ) ZMU 2f. 2x. (ind type of tstMitnm Kuzyakir. 1935) ZML lx 
IS-ISRAEI.t She* Ahrik TAU 3f. Dor TAU 2f, Mi Carmel (type, of hovel, Hamson. 1964) BMNH If. Ml Carmel 
SMF If. Judea SMF lx 

Nl. NW Iran and SF Armenia: Amagi (Arax valley), Armenia (type sene of anucr,ut Dahl. 1947) ZIY 2x. ISZ I. 
Kutui-Sii, North West Iran BMNH 2x. 


APPENDIX If LIST OF ABBREVIATIONS 

(a) Measurements 

LCr = gjeatesi length of skull 
LCb = condylobasal length 
LaZ - zygomatical breadth 
Lai = mtcforbital breadth 

Lalnf = tnfraortNtaf breadth (between foramina mfranrbtialta) 

LaN = breadth of brainca.se 

LaM = masioidnl breadth (between process i masundei) 

VN - heiglh of bramcase 

VN2 = heiglh of skull (with bullae tympamcae) 

11/ Ml/. C-M3/. P4/-M3/. Ml/ MV. MI/-M2/, C P4/, P2/-P3/ = lengths of upper loothrow delimited with mesial and 
distal margins of the respective teeth 

C C P4/-P4/, M3/ M3/ = palatal distances between outer margins of respective teeth 

LMd - length of mandible 

CrH — heiglh of ramus ntar.dtbulae 

I/l-M/3, C M/3. P/4,M/3. M/1-M/3, C-P/4. p/2-P/4, CM/I. P/4-M/I. M/l-M/2 * lengths of lower toothrow delimited 
with mesial and distal margins of the respective teeth 
P/4a » length of P/4 
P/4b = width of P/4 
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(b) Collections: 


ASH (IV/.) = Institute o) Landscape EiJ)k>£>. Academy of Science-, of L/idi Republic. Bino. C/cell Republic; AUW - 
Department of Zoology. Agricultural University, Vienna, Austria. BMN1I = British Museem (N'aTutal History), I.on- 
don. United Kingdom: ISZ = Detainment ot Zoology. Charles University. Prague. Czech Republic, JO - private collec¬ 
tion of dipl ing lan Obixh. Netpaly. Slovakia. MO - Mu'/tum Geneve, SwitAerhind, MTTNP Museum Hist M.ilur 
Pans, France, MID - Department of Zoology and lien logy, Masaryk University, Brno. Czech Republic, NMP Zoo- 
log icaJ collections. National Museum. Prague. Czech Republic, NMW = Zoological C'cllcclmns. Museum of Natuiul 
History. Vi-r.na. Austria; PAS = Invtitule uf Systematic and FKp*r;menial Zoology PAS Krakow. Polniul, PR - private 
collection of Petr Bcnca, Prague. Czech Rcpuhlic; SMF = N'atur Museum u borschungsinsuuit Scr.dccnbcrg, Prankfun 
luM . (.Tcrmar.y. SMU = Silesian Museum. Upavc, f'vccli Republic. SNMB = Zoologicnl Collections. Slovakian Na¬ 
tional Museum. Bratislava. Slovakia. TAT I - Department of Zoology. University of Tel Aviv, Israel. UL = Institute of 
Zooiogy and Ecology of Animals. University of Lauisane. Switzerland. W£-private collection of Willi Isscl. Augsburg. 
Germany. WMF* West Bohemian Museum. Plzen, Czech Republic; ZRS -M-imm.il Rftvftarch Institute PAS. Rraluwieza. 
Poland ZIY = Zoological Institute AS of Armenia, Yerevan. ZMU - Institute of Zoology, University of Moscow. 
Moscow. Russia. 

(c) Samples: 

Al Albania. IK! Bulgaria, HO - Bohemia. ET - Eastern Turkey, <!R Greece, IS - Israel, KO - Kuidistan (NT. Irarjj, 
K1 - Southern Kyrgyzstan, MO - Moravia, NA - Northern Africa (Morocco. Algeria. Tunisia). NT - Northern Iran <NW- 
Iran ami SE .Armenia in ease of M. ruuferen group). VK Nixtlavrn Kyrgyzstan, PL Poland. KO - Rumania. SK 
Slovakia, SP Spain (incl Portugal), SW • Switzerland, TO - Transcaucasia (Azerbaijan. Armenia. Georgia, Dagestan), 
TK - Tjikmemstan. WT • Western Turkey See big. I and Appendix: I for details 
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behaviour-ill preference, choice te>t, Apodemus agrarius 

Abstract. Mice coming froir populations of differer.l geographical origin (Fimopt Bohemia, Slovenia, Asia Russian 
Pur East) served as subjects. Simple choice Ic-sli were carried out in order to lest behavioural discrimination among 
individual populations Animals of .ill populations under study spevnt more time in live vicimly of coiispedfic odours of 
annuls from another population. This preference was more apparent for odours of animals from related populations. 
European mice significantly preferred anolhet Euiupeun over Fat tost populations. No tendency to seek ocouts of 
unfamiliar animals from subject's own population was found. 


INTRODUCTION 

During the last decade extraordinary abilities ot rodent olfaction as kin (Dewsbury 1988. Por¬ 
ter 1988,Waldman 1988, Barnard eta!. 1991), the genotype (Beauchampet al. 1988. Lennington 
el ul. 1988. Manning etal. 1992) and individual (Wolton 1984) recognition (and discrimination) 
were discovered. Our opinion js. that in rhis new con rex t a reevaluatioc of ilie other phenomena 
dealing wuh odour-based recognition or discrimination between more and less related animals is 
necessary. Odour-based discrimination between species is a well-known phenomenon (Moore 
1965. Smith 1965. Doty 1972, Sokolov ct al. 1984. 1990, Sokolov & Kotenbova 1987. Kotenkova 
et al. 1989, Dempster & Perrin 19%, Frynta el al. 1992, etc.), to which most attention was de¬ 
voted in the 196Us as a result of interest in speclation Taking into account cases of discrimination 
among individual populations of single species (Cox 1984, 1989) wc can conclude that a wide 
range of discrimination processes based on olf action has been described in rodents. Discrimina¬ 
tion processes operating on an upper level, i.c., population and species, could be evaluated simply 
as an extension of those ones operating on lower levels (genotype, kinship, individual) and vice 
versa. It cannot be excluded that the sane proximate mechanism is responsible for all these 
phenomena in rodents. Also the ultimate causes of these abilities to discriminate between more 
and less related (or familiar) odours may be attributed to a single complex of factors. It is of 
interest in this context that discrimination on each level includes both mating preferences and 
regulation of social relationships. Il has to be remarked here lliai in social anthropology a single 
principle of kinship, i.e., distinction between more and less related individuals or social groups, 
has been repeatedly found to determine structure of social interactions irrespective to their 
hicrachical level. The classical description of such a phenomenon in Nucr society by Evuns- 
Pritchard (1979) is still highly stimulating. 

Above mentioned hypothesis emphasizing possible continuity between discrimination proc¬ 
esses operating on different levels cannot be evaluated without a detailed description of all these 
phenomena. Unfortunately, only relatively scarce experimental data arc available especially in 
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the case of discrimination between conspecifio populations. 

This study is on attempt to test odoui-based discrimination among different populations of 
conspecifics in striped-field mice (Apodemus agrarius) using simple behavioin-al methods This 
species was selected because of its large range and unusual evolutionary history. We decided to 
use animals coming from three populations of different degree of relatedness and geographical 
origin: from Bohemia. Slovenia, and the Russian Far Fasl. The former two populations (both 
European) are related to each other, while the later one is apparently distant. 

The present range of Apademus agrarius, extending from Southern China through Manchu¬ 
ria. Korea. Russian Far East. Southern Siberia, Kazakhstan up to Central Europe, is extremely 
large (Corbet 1978 , Karaseva et al. 1992 ). However, despite of its wide distribution in Europe, 
this species seems to be late (Early Holocene) immigrant from Asia (Bbhmc 1978 ). Therefore, 
different European populations ought to be closely related to each other. This assumption was 
supported by most authors (Bobnnskij ct al. 1965 , Cemucha ct al. 1986 ). The majority of Euro¬ 
pean populations are supposed belong to a single subspecies, Apodvrnus agrarius agrarius (Pallas. 
1778 ). The only exceptions are two Isolates in the Balkan Peninsula: .4. a. kahmanni Malec & 
Slurcli, 1963 and A a. istrianus KryStufek, 1985 (Kiystufek 1985 , Vbhralik & Sofiamdou 1992 ). 

All the animals from European populations used in our experiments belonged to subspecies 
A. a. agrarius. In spile of the fact that the geographical distance between Bohemia and Slovenia 
is not so great, these regions were probably colonized by Apodemus agrarius using different 
migration routes (northern route for the former and southern for the later territory). These routes 
are separated by the Carpathians and by large areas without any presence of this species in Cen¬ 
tral Bohemia and Moravia (Kratochvjl et al. 1976). 

Due to Asian origin of this species much greater differentiation among individual populations 
should be expected in Asian part of its range. Unfortunately, taxonomy and relationships of dif¬ 
ferent Asian populations of this species in Russia, Korea and China are still unclear. Immunologi¬ 
cal data (Ccmuchaet al. 1986) revealed considerable differentiation even among different 
populations from Asian parts of Russian territory (regions: Altaj, Chabarovsk. Pnmor'e). Ani¬ 
mals from Russian Far East in our experiments belonged to the subspecies A. a. rungpoensis 
(Swinhoe, 1870) - synonymum: A. a. mantchuricus Thomas, 1898 (cf. Vinogradov & Gromov 

1952, Corbet 1978, Kostenko 1984). 


MATERIAL AND METHODS 

Subjects. Adult, socially cx pent: need Apudtntus a % ran us from following four geographical regions were studied. 

1) Bohemia (Czech Republic) Four individuals (2 males and 2 females) captured rear Ibe village Rybmste in April 
1992, fifteen individual.* (8 males and 7 females) captured in the village Chhbsk* m October 1992 Doth localities arc 
situated in Northern bohemia (dutnet LhJOin) about 1> km apart 

2) Slovenia. Sava River valley near the town Brerice (Eastern Slovenia) Five individuals (3 males and 2 females) 
captured m July 19*22. ter, animals (5 males and 5 females) captured in August 1992: five individuals (4 males and 1 
femak) bom in laboratory :n late August 1992 

3) Turkey One female captured near the village Igneada (distnct F4ime) in May 1992 

4) Far Oast Twelve individuals (5 males and 7 females) o! the first and second generation born in laboratory Two 
pairs of ancestwl animals wore explored in the vicunly of llie lown Vja/emskij (district Cltabarovsk) in Russian Far East 
ui September 1990 

fn addition (m experiment l). two pairs of laboratory-boni Apodenuo perunsuUrc (Thotnas. 1906} from volony 
'•ngjnnlmg in Russian Far East were used as odour source 

Flnusing conditions. All animals were kept under an artificial 12 L 12 D light cycle and housed by pairs in plastic 
cage* 3li x 22 x 22 centimeters in si/e. Wood shavings were used as a substrate, hay was added as bedding material and 
boxes as s!»elri*rs. Water (m water bottles) and fcxnl (commercial mouse breeder diet or wheat, apples etc) were pro¬ 
vided ad libitum 
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Apparatuses and procedures used in die experiments arc described further in relevant sections under Results The 
un:muls were observed under red light illtuninuliua of low intensify (60W red bulb) AH (he procedures were perfonned 
Mini Tint fiiM two sel* of cspennenis (experiment I) were conducted in the summer (August 1992) when the. animals 
were in reproductive condition, while ilie remaining ones (experiments II and III) were tamed out during winter 
months lOoconihes 1992 January 199?) when majority of animals were in pnsi reproductive condition (males with 
irstes m penial repression at least) 


Experiment I; Europe versus Far East 

Tlic experiment was designed in order to test discrimination between odours of Apodemus 
agranus from Europe and Far Hast We tested whether the animals exhibit any preference for the 
odour of their own nr geographically related population and also whether the behavioural reac¬ 
tion to odour of distant population was distinguishable from the response to odour of another 
species or non-sccntcd control 

Summits 4 males and 7 females from Far Hast, 3 males and 4 females from European populations 
(Bohemia 2 females. Slovenia 3 males and 1 female. Turkey 1 female) 

Apparatus and prockdukf. All die animals, regardless of their origin, were subjected to the same 
experimental design Each animal was subjected to a single 40 minute test in an unfamiliar envi¬ 
ronment The experiments were performed in a plastic circular arena. MX) centimeters in diam 
eter, surrounded by a wall 60 cm lugli Fight plexiglass containers (10 cm in diameter, 8 cm high) 
were placed regularly at a distance of 5 cm from the wall Every container was endowed with the 
aperture (3 cm in diameter) which was oriented to the wall of the arena Mixed sawdust bedding 
(approximately 25 ml) from the cage in which pair of animals was housed, was placed in the 
containers as the odour source F.ach pair of opposite boxes was scented with odours of the same 
type (each obtained from different animals) The following four odours were simultaneously 
used in all tests Apodemus agranus from Europe, Apodemus agranus from Far East Apodcmus 
pemnsulae (outgroup) and pure wood shavings (control) The position of scented boxes was 
rotated from test to test At die beginning of each testing session the animal was removed from the 
transport container and placed at the center of the arena Behavioural activities were registered 
for the next forty minutes Special attention was paid to the number of visits in different boxes 
and time spent in each Rearing, jumping, grooming and freezing were also recorded The floor 
of the arena and all tlic containers were thoroughly washed using 96% ethanol after each experi¬ 
mental session 


Tuhlc 1 Time vptuf rn container* seemed »r(h different odours [s/ and results of analysis of variance for 
log. I landfillnii*] cat a 


odour souiLt* 

Europe 

n=7 


popular ion rested 

Far East 

n-ll 


mean 

SF; 

mean 

SF. 

Europe 

99? 

297 

583 

168 

Far Fast 

221 

62 

621 

206 

.4 pen insulae 

370 

160 

340 

165 

non scented 

63 

17 

74 

30 

A NOVA odour source 

F=2 86 

3 0579 

F= 

5 99 P=00018 
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Result* were analyzed by the means of analysis of variance (Tab 1) Significant differences 
in time spent in different containers were found for mice from Far East only However, animals of 
both populations spent less lime in non-sccntcd containers 

In addition we tested female preference not only for odours, but for males also The apparatus 
and procedure for this experiment was similar to that of experiment IT (see below) The only 
difference was, that each plexiglass container was divided by a metallic grating into two equal 
parts In one part unfamiliar male Apodemus agranus was placed The female was allowed to 
enter the empty purl of the container through an aperture Choice between containers with male 
from Far East and Europe was allowed Each female was tested Uiree times (with different pair of 
males in each session) in order to enlarge sample Results (Tab 2) revealed nonsignificant prefer¬ 
ence for males of the female’s own population m females from Far East (P=0 054) No such 
preference was found even in females from Europe However, the limited size of samples ought 
to be noted 


Table 2 Tine [sj in containers with male< of Guropacan or Par East origin 


origin of females tested 

Europe Far East 

male origin n —12 n -21 



mean 

SE 

mean 

SE 

Hurope 

845 

244 

63*1 

159 

Far East 

820 

243 

1172 

170 


Wilcoxon test rri>431 2=3 932 

P=0 666 P*JJ 054 


Experiment II: Choice between odours from two different populations 

The experiment was performed in order to test discrimination between odours of different 
populations of Apodemus agrarius coming from Bohemia, Slovenia and Far East 
Si'Kiiris 3** individuals of Apodemus agrarius from two different European populations. 16 
individuals (8 males and 8 females) from Bohemian population and 18 individuals (] 1 males and 
7 females) from Slovenia The same animals were used in 3 successive sets of tins experuneut 
Within each set some animals were retested in order to enlarge samples Results of repeated tests 
were treated as independent items when significance of preferences was tested by non-paramet¬ 
ric statistics Tt was allowed, due to the fact, that analysis of variance performed for factors ex¬ 
perimental set and individual animal did not revealed any significant effect of the later factor 
(d f -33. F=l 30, PH) l436)on the relative preference (percent of time spent) in sets Witli signifi¬ 
cant results of Wilcoxon test (Experiment II and III were pooled for this analysis of variance) 
Additionally four pairs of animals of Ear Fast origin were used as odour source only 
Apparatus and procedure Experiments were performed in plexiglass cages similar to those in 
which animals were housed (38 x 22 x 22 cm ) T wo plexiglass containers (10 cm in diameter, 8 
cm high, aperture 3 cm) were placed on the floor of the cage, one to the left and another to the 
right side (about 5 cm from the wall) The aperture of each container was oriented to the opposite 
lateral side of the cage Sawdust betiding (approximately 25 ml) from the cage in winch pair of 
animals was housed, as the odour source was placed into containers Each container was scented 
using different odour source 
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'T he combination of animals used as odour sources was changed after each session in order to 
prevent any possible influence of this factor. Also the left/right position of odours was regularly 
changed in a balanced design 

At the beginning of each experimental session the animal to he tested was captured into 
a transport container, transferred to an experimental cage and immediately released exactly in the 
center of its floor. For the next 40 minutes the animal was observed and the time spent in the left 
and/or right container was recorded After cadi session (he cage and especially both the contain¬ 
ers were thoroughly washed by 96% ethanol. 

Times spent in containers scented with different scents were compared using nonparametnc 
statistics (Wilcoxon test). Due to the fact that no obvious differences between the responses of 
males and females were, found (Tab. 6), the results obtained from both sexes were pooled. 

Related versus distant population 

Sawdust bedding from two strange populations of Apodemus agrarius, one less and one more 
related served as odour sources. We tested whether Apodemus agrarius from Europe showed any 
preference for odours of animals from another European population over the odours of animals 
from the Far F.ast. One container of each pair was scented with odour o {Apodemus agrarius from 
the Ear East, wlule die oilier one with odour of another European population, i.c., Slovenian for 
rhe testing of individuals from Bohemia and Bohemian for the animals from Slovenia. 

Rcsu.ts. Animals from bulb European populations spent more time in containers scented with 
odours of animals from another European population (Tab. 3). The differences tested using 
nonparamctric statistics were highly significant for Slovenian (P—0.0058) as well as for Bohe¬ 
mian population (P=0.0008). 

Own versus related population 

We tested whether Apodemus agrarius from Europe showed any preference for odours of 
other animals from their own population over llie txlours of animals from another European 
population. One container of each pair was scented with odout of Apodemus agrarius from own 
population, while the other one with odour of another European population, i.e., Slovenian for 
the testing of individuals from Bolierma and Bohemian for the animals from Slovenia. 

Ri&ults. Preference for the subject's own population was not found. Animals from both populations 
spent more time in containers .scented with odour of another European population (Tab. 3). How¬ 
ever. this preference was significant in Bohemian population (P=0.0438), while only nonsignifi 
cant trend was found in Slovenian population fP=0.21 11). 

Own versus distant population 

We tested whether Apodemus agranus showed any preference for odours of other animals 
from their own population over die odours of animals from distant population. One container of 
each parr was scented with odour of Aprsdemus agrarius from the subject's own population, 
while the other one with odout of Fur East (when European mice were tested) or Bohemian (for 
testing mice from Ear has.*) populations 

Ri.sim s. Animals fromall three pollutions spent more lime in containers scented with die odour 
of the distant population (Tab. 3). However, while this preference was strong in the Far East 
population (P= 0.0006), it was only slight and nonsignificant in both European populations (Bo¬ 
hemian P=0.1023; Slovenian P= 0.2548). 
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Tabic 3 ResaJb ol experiment il Mean lime spent in containers scented with odour from two ihttcrcr.l populations, 
number of cases in which *he animal spent more lime in the container scented with the first (+) and the second SOtm* 
(-). and results of testing preferences using non-parametne statistics (Wtlcoxon test) 


animals 

tested 

n 

source 1 

mean S E. 

source 2 

mean S E 

dilfcrcnccs 

+ 

P 

distant vs 

related* 










Ear hast 

Slovenia 




Boliemia 

25 

4*0 

99 

1623 

98 

3 

22 

0 0008 



Far Fast 

Bohemia 




Slovenia 

25 

620 

99 

1291 

103 

5 

20 

0.0058 

c^n vs Jikitcd 










Bohemia 

Slovenia 




Bohemia 

20 

683 

175 

1562 

184 

6 

14 

0 0438 



Slovenia 

Bohemia 




Slovenia 

20 

816 

I7P 

1298 

195 

7 

11 

0211 1 

own vs distant: 










Bohemia 

Far East 




Bohemia 

20 

944 

190 

1311 

202 

8 

1 

0 1023 



Slovenia 

Far Fast 




Slovenia 

20 

*07 

203 

1340 

190 

7 

13 

0 2548 



Far Fast 

Bohemia 




Far Fast 

IS 

263 

91 

1782 

117 

1 

17 

0 0006 


Experiment III: Choice between scented and non-sccntcd containers 

The experimental design was similar to that used in the previous experiment. The substantial 
difference was that the animals were given a choice not between two conspemfic odours, hut 
between scented and noil-scented containers. 

Surihcin. The same as in experiment II. Each animal was subsequently subjected to following 
five nonspecific odours jn five successive sets of this experiment: Distant (= Far East population), 
Related (- .another European population), Own (= unfamiliar animals from subject's own popu* 
lation). Turkey, Related (repeated test). 

Atparaivs and procedure. One container ol each pair was scented with odour of Apodemus agnvius 
from one of population used, while the other one remained non-scenled, :.e., contained pure 
wood shavings. Ollier details were the same as in experiment II. 

Non-scented versus related population 

We tested whether Apodemus agrarius from Europe showed any preference for containers 
scented with odours of animals from another European population over non-scented containers. 
One container of each pair wax scented with odour of Apodemus agrarius from another European 
population, i.e.. Slovenian for the testing of individuals from Bohemia and Bohemian for the 
animals from Slovenia, while :he other container remained non-scented 

RisiiLrs. An apparent preference for scented containers was found (Tab. 4). The differences be- 
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tween mean time spent in scented and non-scented containers are parallel to those found in the 
first set of experiment II. The statistics was highly significant: P=0.fi035 and P= 0.0040 for 
Bohemian and Slovenian populations, respectively. 

Note, litis set was repeated at the end of all sets of experiment III in order ro test possible influ¬ 
ence of habituation caused by retesting. Results given :n Tab. 4 indicate, that preference did not 
disappear. 

Non-scented versus own population 

We tested whether Apodemus agrarius from Europe showed any preference for odour of their 
own population One container oleach pair was scented with odour of unfamiliar animals from 
their own |x>pulatinn, while the other container remained non-scented. 


TaMc 4 Rc.-ulo of experiment lit Mean time *pcnt in scented ard non-sccntcd containers, number of cases -n 
which live animal speut more lime in the scented container (t) ami non scented control ( ). and results of testing 
prefereiH.es using non-parametTIC itaiivlics iWilcOKOH teUi 


animals 

tested 

n 

source 1 

mean S t£ 

source 2 
mean S H 

differmew; 

-t 

P 

distant vs iHinxxftited control 









Pa: Pair 

control 




Boberoni 

lb 

1630 

209 

571 

193 

12 

4 

0 0140 



Par Ka.;t 

txmtrol 




Slovenia 

IS 

137 

220 

891 

197 

II 

7 

0 1614 

re'ared vs nonscer.led concrcl 









Slovenia 

control 




Bohemia 

16 

17-19 

175 

•195 

168 

13 

3 

0 0035 



Bohemia 

control 




Slovenia 

IS 

176S 

166 

458 

lb? 

14 

4 

0 0040 

own vs nonreented cun tu.il 









Bohemia 

control 




Bohemia 

16 

140b 

243 

843 

257 

10 

6 

0 3935 



Slovenia 

control 




Slovenia 

IS 


227 

1352 

239 

6 

11 

0 5057 

Turkey vs 

nonsccnicd control 









Turkey 

control 




Bohemia 

35 

656 

179 

1567 

3 87 

3 

12 

0 1055 



Turkey 

control 




Slovenia 

19 

1468 

215 

763 

221 

12 

7 

0 0872 

rel.nerl vs nonver.ied ccnrol {retesting) 








Slovenia 

control 




Riil** in ii 

15 

ri88 

204 

809 

201 

13 

8 

0 0386 



Bohemia 

control 




Slovenia 

15 

1651 

223 

589 

215 

1! 

4 

D0J84 
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Results. An apparent preference for scented containers was not found (Tab. 4) No significant 
differences between mean time spent in scented and non-scented containers were found. Also the 
mean values arc very close one to another. Bohemian mice preferred rather scent of their own 
population, while the Slovenian ones preferred nnn-sccnted containers. We can conclude that no 
dear preference was delected in both populations. 

Non-sccnted versus distant population 

We tested the hypothesis that Apodcmus agrarius from Europe showed preference for contain¬ 
ers scented with odours of animals from Far East population over non'seen ted containers. 

One container of each pair was scented with odour of Apodf mus agrarius from Far East popu 
lation. while the other remained non-sccnted. 

Results. As expected, no clear preference for scented container was found. Animals from both 
populations spent more time in scented containers (Tab.4). However, this preference was very 
weak. It was statistically nonsignificant in Slovenian population (P—0.1634), while slightly sig¬ 
nificant in Bohemian population (P=O.OJ40). 

Non-sccnted versus Turkish population 

In addition wc tried also to test responses of European Apodemus agrarius to odour of single 
female from Turkey. Results given in Tab. 4 revealed nonsignificant tendency to prefer this odour 
over non-scented wood shavings in Slovenian population (P=0.0872). However, larger sample 
of donor animals is needed for any conclusion. 


Tabic 5 Mean time spent on the field outside containers |s| in experiments II and 111 NSC = non-sccnted 


choice 

between 

odours 

n 

Bohemia 
mean S B 

animals tested 

n 

Slovenia 
mean S E 

distant vs related 

25 

296 

29 

25 

4S9 

53 

own vs related 

20 

156 

6* 

20 

287 

45 

own vs distant 

21 

145 

42 

20 

253 

47 

distant vs NSC 

16 

199 

100 

18 

158 

72 

related vs NSC 

16 

156 

50 

18 

174 

21 

own vs NSC 

16 

151 

52 

17 

218 

59 

TuHcey vs NSC 

15 

177 

52 

19 

168 

36 

reluted vs NSC 

21 

105 

Ifi 

15 

160 

24 


NOW Following corresponding values were found for Far Hast population tested in combination own v» Aslant 
nr!8 mean-5 55. S E =64. 
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Comment on exploratory behaviour 

In all the experiments, mice from Far Hast and Slovema were iiiihc exploratory than Bohemian 
population As evident from Tab 5, in six of eight sets of experiments II and III animals from 
Slovenian population spent more time outside containers than animals from Bohemia Most of 
the time was spent actively, exploiting sensu lato However, evaluating these results we ought to 
keep in the mind that Bohemian mice were retested more frequently 


Table 6 Ccmpansoti of responses in male and female sublets m experiment II and III Results are expressed as 
number (if cases, in which animals spenl more. Hire in containers scenled using different odour sources 


animals 


poptllation of odour source 


icsicd 

males 

females 


d.slant 

related 

distant 

related 

Bohemia 

1 

12 

2 

10 

Slovenia 

4 

to 

1 

10 


own 

relaied 

own 

related 

Bohemia 

3 

1 

3 

7 

Slovenia 

3 

9 

4 

4 


own 

distant 

own 

distant 

Bohemia 

3 

6 

5 

7 

Slovenia 

3 

9 

4 

4 

Far East 

1 

8 

0 

9 


distant 

NSC 

distant 

NSC 

Bohemia 

4 

4 

8 

0 

Slovema 

6 

5 

5 

2 


related 

NSC 

related 

NSC 

Bohemia 

8 

0 

5 

3 

Slovema 

8 

1 

fi 

1 


own 

NSC 

Own 

NSC 

Bohemia 

5 

3 

5 

3 

Slovenia 

3 

7 

3 

4 


Turkey 

NSC 

Turkey 

NSC 

Bohemia 

3 ' 

4 

0 

8 

Slovema 

6 

5 

6 

2 


related 

NSC 

related 

NSC 

Bohemia 

4 

3 

3 

3 

Slovema 

6 

3 

5 

l 


NSC = non seen led 
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CONCLUDING RKM.\RKS AND DISCUSSION 


The results of all three experiments could be summarized as follows: 

I) Containers scented with odours of animals from related populations were preferred over 
non-scented containers as well as over containers scented with odours of conspccifics trom dis¬ 
tant population (Fig. I). These preferences proved to be highly statistically significant In all eases. 
These odours were also preferred over odours of unfamiliar animals from subject's own popula 
tion. Although, this preference was apparent in both populations tested, it was significant in one 
of them only. 


Population 

tastad 

Bohemia 

Slovenia 

Bohemia 

Slovenia 

Bohemia 

Slovania 

Bohemia 

Slovenia 

Bohemia 

Slovenia 


Rvlalad population OtIlH dJbuis 



2 1.5 1 0.5 0 0.5 1 1.5 2 

Time ipeM mcomainar* la.MOOOl 


Odour 

source: 


related (vice venal 
^3 diitani |Fa» EaMI 

_1 nen-aeemed 

EZS3 related (TarVayl 
£S3 own population 


Fig. I. Results of pair-choice tests: Means for t:mc spent in containers scented with odour of related population 
compared with those spent in amtihancously exposed containers seemed with another scant. 


2) Animals of all populations under study spent more time in containers scented by odours of 
animals from distant populations than in those scented with odours of unfamiliar conspecifics 
from their own population or in non-scented containers (Fig. 2). These preferences were found to 
be nonsignificant or slightly significant in European populations and once nonsignificant (ex¬ 
periment 1) and once highly significant (experiment II) in animals from Russian Far East. 

3) Containers scented by odours of unfamiliar animals of then own population were not pre¬ 
ferred in any case when given choice. The only exception are the animals from Bohemian popu¬ 
lation. which spent slightly and nonsignificantly more time in containers scented with odours of 
then own population than in non-scented containers (Fig. 2). Evaluating these results one should 
remark, that greater mean body weight is typical for the Far East subspecies of Apodemuxagrarius 
(Vinogradov & Gromov 1952). In accordance with tliis trend also our experimental animals be 
longing to this subspecies were in general heavier than their conspecifics from Europe Possible 



Population 

tested T)i|l»nt pnpiOation OtK*f odours 

Bohemia 
Slowonia 
Bohemia 

Slovenia 

Far Eut 


Bohemia 
Slovenia 

2 1.5 1 0.5 0 0.6 1 1.6 2 

Tima ■pom in contek>»r» Ui10001 



Odour 

source: 
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Fig 2. Results of pair-choke tests: Means for time spent in pairs of simultaneously exposed containers scented 
with different odours, Ct>in]urisons in which odours i*f related populations were not included. 

influence of this fact on the choice experiment could not be simply excluded. 

Odours used in experiments were obtained from pairs of animals and no clear differences 
between male and female responses to these odours were found (Tab 6). Considering this fact as 
well as winter period's influence, m which Ihc experiments II and III were performed, we can 
conclude that motivation of the animals were probably rather social investigatory than sexual. 

Our results showing lliat Stripped-field miceprcferceonspecific odours ot medium reiatedness 
can be easily attributed to attraction of new stimuli placed in a familiar context, that seems to be 
a general rule caused by organisation of cognitive apparatus. Similar pattern of preferences was 
found also in kin discrimination, e.g., mate choice favouring cousins in Japanese quails (Bateson 
1982). However, simple proximate explanations are not fully sufficient and underlying ultimate 
causes (e.g.. advantage of outbreeding combined with risk of interspecific hybridisation) ought to 
be found 
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Abstract. lrurispecilk nuile-iruk, female-female unj malc-lcmalc interactions of Apodctmu un'unus as well as 
interspecific interactions brlwewi tins •specie* nod si possible competitor A sylvaticus. were vuleir-rrumlrit and .siihst* 
Qtientiv analysed Ahoeciher. K9 neutral cage dyadic encounters each lasting 10 minutes were performed In both 
intratpccillc and interspecific tests, male-male interactions were markedly and significantly more agonistic I ban the 
female female ones Female's wrte subordinate ill male female interactions Suprnnnly nf A ugrariucmeiA \ylmhi u.v 
was found in most ic'-erspceific interactions. 


INTRODUCTION 

The Striped-field mouse. Apodemus agrarius (Pallas, 1771). is a common mdcnl in the eastern 
part of Europe (Bobme 1978}. Despite its vast range extending from Eastern Asia to Europe 
(Kraiochvfl et al. I97fi. Corbet 19781 and noticeable representation in small mammal communi¬ 
ties (Karaseva et ai. 1992), no substantial attention has been paid to its social behaviour. 

This study is a part of research program involving comparative behavioural studies of Palaearctic 
mice (Frynta 1992a, 1994. CihrikovtS & Frynta in prep.). It was conducted to enhance compara¬ 
tive information on behavioural patterns In intraspecific and interspecific interactions involving 
A pod emus species. For this purpose, a simple procedure of dyadic encounters in neutral cage 
permitting quantification of the behavioural elements in a standardised test was adopted This 
procedure is used widely in studies of rodent behaviour and despite the limitations discussed 
below, rein urns a useful tool for interspecific studies. 

The relevance of simple laboratory experiments performed in a clean, neutral cage of small 
size to natural situation, is questionable. There are studies suggesting dial behavioural interac¬ 
tions are situation dependent. Intraspecific interactions may be influenced, e g., by scent marks 
as described by Hurst (1993) in Mus muse ulus domexlicus. It is also reported that under some 
circumstances, dominance in interspecific interactions involving Pervmyscus rnaniculatus and P. 
Icucopus, is more dependent on residence than on species Wolff et al. 1983) 

The following questions concerning behavioural ecology ol'Apodcmus species were addressed; 
1) Are the levels of intermale aggression high enough to explain elimination of male A. agrarius 
reported in studies of natural populations? 2} What is the role of direct aggression in competitive 
interactions between A. agrarius and A. sylvaticus'? 
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MATERIALS AND METHODS 


Subjects. In total. 31 sexually mature and socially experienced specimens of Slnped-lkld mouse (Apodemui ogranut) 
aiming from following two different populations were under the study 

I j Northern Bohemia (O.cch Republic) Fourteen individual.' (8 males and 6 females) captured m the village of OhPibski 
idistnct DCfin) in October 1992 2) Slovenia (pan of former Yugoslavia) Suva River valley near the town ol Btciice 
{Eastern Slovenia) Four individuals (3 males and I female captured m July 1992, nine animals (4 males and 5 females) 
captured m August 1992, four males bom in the laboratory in lax August 1992 

Ootf; populations u»ed in our experiments, as well as roost other European populations, arc considered to belong to 
a single subspecies A/>odpnru\ agmun.% agmraa (Pallas, 1778) 

Ai the unc of testing mtraspeciflc encounters. tbr mcar. body weights of A Ugrnrnt t (populations pooled) were 29 4 
g (mm 27 o g, max 4) •> g) and 23 a g imm 16 6 g, ma* 31 5 g) m males and female*, respectively 

Tlir opponents u«cil for interspecific interactions were 29 individuals (17 males and 12 females) of Wood mice. 
Apotlenun ryhalicur (Linnaeus. 1758) they were wild bom. sexually mature and socially experienced animals cap 
lured in autumn 1992 at various localities in Prague (Centra] Bohemia) and maintained in the laboratory throughout the 
subsequent winter and spnng ur.ttl resting Then- mean body weight was 2’ 6 g (min ! 6 0 g, max 72 R g) and 21 6 g 
(min 17 7 g. max 32 3 g) in males and females, respectively The eurrc>pondmg value' for A agramtx used in ibe 
mtersprciflC encounters were 32 2 g (min 25 5 g. max 44 0 g) and 27 2 g (nun 17 3 g. max 34 5 g) 

In order to control the effect of differences in body weight between A ogranut and A rylvatu.m. dyads were 
together as follows Experimental subjects of the former species were arranged in ascending order accoiding to their 
body weight, while individuals of the later species were tested in descending order according to that variable This 
scheme allowed u» to create continual sequence of dyads start/ng from-1 sybaiicus greater than A ogronus through the 
balanced dyads to the opposnr relation at the end 

Housing conditions. All animals were kept under an artificial I6L 8D light cycle and boused by pairs in plastic cage' 
38 x 22 x 22 cm in -t/e Wood shavings were used as a substrate, bay was added as bedding material and boxes as 
shelters Water in water bottles and food (ccir.mcrcial mouse breeder diet or wheat, apples etc) were provided ad 
libitum 

Apparatus and procedure. Encounters between mice were performed in a 50 x 30 x 75 cir. glass cage The cage was 
divided hy thick card partition into two equal parts During testing the sage was illuminated by a single 40 W red light 
bulb suspended in the distance approximately 1 5 meters Mice were tested during the dark phase of their (ight-dark 
cycle At the beginning of each experiment jI session two mice were placed in the per. one on either side of the partition, 
and left (or five minutes The central partition was then removed and video recording by single VHS-cnmera com 
rrcnaxJ Thr video camera was stopped at the end of the session, i e . ten minutes alter the moment when one or both 
animals (or the first time paid attention to the other After each session sawdust covering the floor was changed ami the 
cage was thoroughly cleaned using 9691: ethanol) 

In total. 87 encounters arranged in three successive sets, were recorded Imraspecific male-male and male-female 
encounters (20 for each sexj were performed in die first, imraspecific male female in the second (20 encounters), and 
the interspecific ones (17 male male, 12 male-female) in the third set fn the imraspecific cncounteis. one half of the 
encounters ’was performed with Bohemian and the second half with Slovenian animals Both animals of each dyad were 
of the same geographical origin Each amircd was tested with different opponents 2-4 limes in the tir-l. and I 2 times m 
the second, and only once, m the third set Repeated testing nf the same individual was not performed earlier than 24 
hours after the preceding test No effect >if multiple icsmg was evident 

The Dim two jets of experiments were earned out in spnng (April 199,3), while die third was carried out in summer 
(August 1997) 

Rthaiinrir element* and their eJasxifiatfon. for purposes of data collecnojt the behaviour was divided into 77 
elements, which were with minor charges adopted from similar studies in A ryhvmnrv {tiumell 1977. Montgomery 
1978) Detailed description of individual .foments is given tn (Ribakova A Frynta (in prep ) The elements were sithse- 
ocenily summonsed into 18 secondary categoric5 defined ar.d classified into 5 functional blocks as following 

(A) Agonistic (I) Hireiu attack. (II) Chase. (HI] Roll-over fight. <|V) Ro* (V) Ntuiral upright. (Vi) Ambivalent. 
(VII) Defensive (upright nr threat), (VIII) Avoid retreat. (IX) rirc-ficexe, (X) Submissive (B) Introductory (f) Attend. 
(II) Approach. (IK) Nose (C) Amicable (D) Individual (I) Self groom, (II) Crouch-til <b| Exploratory (I) Loco- 
cxplurc. (Ill Kosi-jump 

Note Categories A/ I - IS are denoted as aggressive. A) III - VI as neutral, and A/VII - X a* defensive 
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Methods of data collection. Video record* of encounter* were subsequently observed arid analysed Observed behav¬ 
ioural dements were quantified using the computer program package ACTIVmF.S (Vrha a Donrit 1991) tkitaor, total 
duraiior, of each element for a particular session and animal, were used as primary data for further analysis Duration 
was expressed in seconds .Sums of time for both individuals in a dyad were used to characterise each type of rncoun- 
rets. 

In dyads where non-neutral, agonistic interactions were recorded, the animal displaying the higher value ol an index 
of dominance was classified us the winner of the encounter. The index of dominance was calculated as sum of lime 
.spent iiy doramari a<wt aggressive behaviour (AJ l, II) minus sum of time spent in agonistic behaviour considered to be 
defensive or submissive (referred further as defensive. A/ VH, VIH. IX. X) 

No substantial differences wen? found between ibe results obtained in animals of different geographical origin 
However, differences between populations in male-male interactions were slight and not significant Four laboratory 
born males from bluvcma did not behave differently from wild caught mice General accordance between behavioural 
pallen» «lisp]a.*rd by different populations were found also it) female female encovnwtx. although 51 over.ran mice 
exhibited significantly more agonistic (means 77 4 and 15 4 s; P-0004) and less individual (means' 594 ] and 781 9 s. 
P=U 023) behaviour than Bohemian mice Despite this difference, results obtained tor Bohemian ;uid Slovenian mice 
were pooled fur funhei analyses 

It his to he noted here that experiments were performed in individual sets that are comparable tc a 1 mined extend 
only. Tins is due to passible sequence bins and also effect of the season Therefore, statistical evaluations and interpre¬ 
tations or the results were exclusively based on within set comparisons. 


RESULTS 


Intraspccitic interactions 

Percentage of time spent in main behavioural categories in different type of encounters are 
illustrated in Figs 1-2. Means for time spent by individual categories of behavioural elements are 
presented in Tab. I. 

Sexual differences were apparent. All categories of agonistic behaviour were more evident in 
male-male than in female-female interactions. Testing of these sexual differences by non-para- 
metric statistics (Mann-Whitney U-test) showed that majority of sex differences were highly 
significant (Tab. I). Male-male interactions were also characterised by significantly smaller amounts 
of amicable (P=0.012l) and individual behaviour (P=0.0275). 



Exploratory 

10 % 



Individual 

67% 


Exploratory 

13% 


F:g J Percentage of lime spent m different types of behaviour in male mate (left; 9=20) and female-female (right; 
n=20) inlraspecific encounters of A agranus. 
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Ibble I Apt tie mus ugranus Mean duration (in seconds) ol different behavioural categories and significance of 
d-ffercrvccs between sews in infra* exual and mtcrvr.ial encounters as revealed by non-parametric statistics Mann- 
- Whitney = unpaired U-tcst. Wilcoxon = paired slgncd-rank test: n - number of dyads 


l-itr.ttfx'jal enenunrers fnteisexual encounters 


Sex 

Male- 

Pent ale- 

Mann-Whitney 

Male- 

contribution 

Wilcoxon 


male 

female 


female 


of 



n =20 

u=20 

P 

n =20 

males 

females 

P 

threat atl.uk 

54 3 

64 

0O0O3 

14.6 

139 

07 

0 0382 * 

chaw 

18 3 

2 

0.0005 

72 

7.2 

.0 

00310 • 

re 11 -over fight 

18.3 

6 

0.0UG3 

98 

5 5 

43 

0 2084 

box 

2 8 

20 

0 1448 

1 6 

04 

1 2 

0 3711 

neutral upright 

IS 1 

62 

0 0754 

8 1 

4.1 

4.0 

0.5294 

ambivalent 

12.9 

4 3 

0.0367 * 

1 4 

1.1 

03 

0 1814 

defensive 

76.9 

16 9 

0004? •* 

46.3 

32 

43.1 

00068 ** 

avoid-re treat 

114 

91 

0 4794 

87 

4 3 

4.4 

0 4534 

llcL'-Ircca 

22.3 

0 

<00001 •** 

80 

00 

8.0 

0.0225 - 

submissive 

3 1 

7 

0 0728 

2.3 

0 

2.3 

0 0736 

AGONISTIC 

238 2 

46 4 

00006 — 

108 1 

39 8 

68.3 

00149 • 

standard error 

4] 4 

129 


32 6 

12.4 

21 0 


attend 

67 9 

54? 

0 3369 

29.3 

87 

20 6 

00177 * 

approach 

20.3 

17.2 

0 3648 

18.3 

88 

95 

0 360.3 

nose 

1175 

137.0 

0 4903 

157 3 

85.3 

72.0 

0 1403 

INTRODUCTORY 

205 7 

208 i 

0.7972 

204.8 

102.8 

102 0 

0.9851 

standard error 

12 8 

23.3 


166 

10.3 

9.7 


AMICABLE 

C*| 


Hi 

mm 

445 

95 1 

0 0294 * 

standard error 

ms 


■an 


20.1 

26.9 


selfgroom 

181 3 

157 4 

0 7557 

178 8 

93 1 

85 7 

0.5628 

croach-sit 

342.1 

530 7 

0 0023 -• 

344 6 

182 1 

162.5 

0 7795 

INDIVIDUAL 

523 4 

688 0 

0 0275 • 

523 3 

275 1 

248 2 

0.8666 

stniRltud cam 

43 0 

40.8 


40 5 

27 2 

28 9 


loco-explore 

131 8 

108 7 

0.5250 

167 4 

108 2 

59 2 

00130* 

rear-jump 

55.9 

52 6 

0 9031 

56.6 

29 6 

27 0 

08960 

EXPLORATORY 

187 7 

16 L 3 

0 6359 

224 1 

137 8 

86.3 

00239 ■ 

standard error 

25 7 

184 


287 

187 

20.1 



Males were classified as dominant in 13 of 18 male-female dyads in which dominant or defen¬ 
sive behaviour was recorded. Threat-attack as well as chase, i. e. signs ol dominance, were dis¬ 
played almost exclusively by males ;n these encounters, while females spent more lime in defen¬ 
sive behaviour (Tab. I). Females also displayed significantly more amicable (P=0.0294) and less 
exploratory behaviour (P=0.0239). 
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Fig 2 Percentage of time spent in different type* of behaviour m male-female (r-20) Intraspecific encounters of A. 
agratius. 


Interspecific interactions 

Behavioural patterns displayed in interspecific, encounters generally resembled those found in 
intncspecific ones (Tab. 2, Fig. 3). The only apparent difference was die low incidence of amica¬ 
ble behaviour. 

Male-male interspecific encounters were more agonistic than female-female ones (Mann- 
Whitney unpaired test P= 0.0253), but the differences were Jess pronounced than in intraspecific 
encounters (Tab. 2). 

Mean behavioural patterns of each species in interspecific encounters are presented in Tab. 2. 
A. agrarins initiated almost all the agonistic interactions recorded in interspecific tests. It was 
frequently but not necessarily always the winner in these dyadic encounters. Using the index of 
dominance (see Materials and methods), this species was classified as the winner in 20 of 29 
encounters (males: 13 of 17; females: 9 of 12). In males this superiority of A. agrarius appeared 
to be significant (P=0.0231) when tested bv non-parametric statistics (Wilcoxon matched pairs 
signed lest). The ratio between the body weights of interacting animals is slightiy correlated with 
defensive behaviour but remains not correlated with dominant behaviour recorded in the encoun¬ 
ter (Fig. 4). 



Expiatory 

20 % 



Exploratory 

2 »% 


Fig. 3. Percentage cf time ’pent in different types of behaviour in male-male (left; n=17) ami fcmalc-lcmalc (right; 
n-!2| interspecific encounters between of A. sylvuticus and A. tt%rur!us 
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Tabic 2 Mean duration (in seconds) of different behavioural categories and significance of differences between 
spnir> in interspecific. encounters A\ revealed by non-parametric ^lia (Wiicuxoci mulched puns signed rank lest) 


Species 

Sex 

A sylmtieus versus A agrunus 

Males Wdcoxon 

n=l7 A ay A ag P 

Females 

n=12 

Asy 

Aap 

Vrilcuxun 

? 

lineal attack 

30 8 

25 

282 

0 0248 • 

9 8 

7 1 

77 

0 3627 

chase 

16 6 

23 

!4 3 

0 0253 * 

50 

f 5 

3 5 

0 2945 

roll-over fight 

42 

1 9 

23 

0 4069 

1 2 

l 1 

l 

0 3710 

box 

53 

3 1 

22 

0 0590 

4 

0 

4 

0 0455 * 

neutral upright 

79 

4 1 

3 8 

0 7998 

14 8 

48 

100 

0 0759 

ambivalent 

147 

106 

4 1 

0 726? 

8 1 

2 

7 9 

0 7961 

defens: v a 

58 8 

465 

123 

0 2329 

26 7 

II 1 

156 

0 9056 

avoid relrcat 

22 8 

11 7 

11 1 

0 5540 

19 3 

13 1 

62 

00376 “ 

flee-freeze 

38 4 

31 1 

7 3 

0 0332 - 

11 0 

7 1 

39 

0 1235 

submissive 

60 

5 9 

1 

0 0225 M 

3 

3 

0 

0 tM55 » 

AGONISTIC 

205 5 

1198 

85 7 

0 1359 

967 

41 3 

55 4 

0 1955 

standard error 

37 0 

22 6 

187 


15 7 

73 

108 


attend 

35 9 

197 

16 2 

0 6529 

27 4 

144 

130 

0 9687 

approach 

154 

68 

86 

0 3437 

15 5 

37 

11 8 

0 0233 * 

nose 

105 9 

47 7 

58 2 

0 2096 

91 5 

37 6 

54 0 

0 0559 

INTRODUCTORY 

157 1 

74 2 

82 9 

0 5383 

134 4 

55 6 

78 8 

0 0207 * 

standard error 

14 7 

II 3 

75 


24 1 

II 9 

14 0 


AMICA8LE 

99 

3 1 

n 

04185 

■9 

m 

m 

00614 

standard error 

54 

1 5 

11 


mm 

Kb 

9b 


selfgroom 

238 9 

100 5 

138 3 

0 1850 

205 5 

73 2 

132 3 

00454 - 

craach-sii 

2SI 0 

151 0 

130 0 

0 7763 

397 7 

243 0 

154 8 

0 1078 

INDIVIDUAL 

5199 

251 5 


04777 

603 2 

3162 

287 1 

0 2896 

standard error 

36 2 

25 4 

26 8 


67 5 

41 1 

346 


loeo-explore 

253 7 

f r?5 

1362 

0 7763 

2Sf 6 

m 2 

148 4 

0 6101 

rear-jump 

53 7 

33 8 

198 

0 1929 

68 3 

406 

27 6 

0 2895 

FXP! -ORATORY 

307 4 

151 3 

156 1 

0 8498 

349 9 

1738 

176 1 

0 9687 

standard error 

30 8 

23 8 

21 0 


52 3 

34 3 

27 9 
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Fi£ 4 ReblmiKhipbcTwccn ilw dominance and body weigh! in interspecific male-male encounters of A sylvaluux 
arid A ofrarrus Oriir.aie cilfcrcnccs between behavioural parameters (umc spent by defensive or aggressive cle 
ment\) recorded for A xy/vafirm and A ag/aitus in individual dyads Abscissa body weight ratio between A sylvatti'Ui 
and A agranu* within the dyad 


DISCUSSION 


Intraspccitic interactions 

Our results suggest that nude A agranus arc mure aggressive than females. The difference 
between sexes was much more apparent than differences between individual populations found 
in female-female interactions This is in a general agreement with published data on behaviour of 
other Apodemus species (Richard-Yns 1979. Bovet 1972 a.b, Gurnell 1977, Montgomery 1978, 
Cihftkova & Frynta in prep } 

Behavioural patterns displayed by A agrunus in our experiments can be compared with re¬ 
sults of 10 minute dyadic encounters that were performed in our laboratory using almost identical 
procedure in A syivalu'us and A flavicollis (Oihakova & Frynta in prep ) In tins comparison, A 
abortus males spent on average, more time in agonistic behaviour (20% of time) than 4 sylvancus 
males (10%) and even die generally aggressive A flavicollis males (16%) Taking into account 
that 3% of time was spent m amicable behaviour m A agranus, contrasting to 0 3% in.4 flavicollis, 
we conclude that A agranus males were as aggressive as A flavicollis Females of ail the species 
spent a much smaller proportion of time in agonistic behaviour and show little var iation between 
species. 4% inA agrartus. 5% in A sylvancus znd 4% inA flavicollis The. corresponding values 
for amicable behaviour were 8%. 8% and 6%. respectively 

The mentioned relatively high level of aggression in males of A agraruts is in accordance with 
findings of authors studying the ecology of natural populations of this species Bujalska (1981) 
described intrinsic regulation of population si/.e in populations exceeding a density of about 50 
individuals per hectare This regulation was accompanied by the delay of sexual maturity and 
changes in the sex ratio resulting m an extremely low proportion of males (13 5%), at high den¬ 
sities of about 90 individuals per hectare Unbalanced sex ratio has stimulated appearance of the 
hypothesis suggesting selective elimination of males as a result of social interactions (Pclikhn 
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1965) Although our results suggest a high level of mtcrmale aggression in A a gran us, we have 
no direct evidence that elimination of males observed in nature may be attributed to Qu$ cause In 
contrast, unlike in some other mice species, c g A flavicolhs, M niacedontcus (Frynta inpub! f, 
there is no strict mutual exclusion of sexually mature males in captivity According to our long¬ 
term experience with A agrarius , two or more unrelated males can be maintained under some 
circumstances in a single cage Formation of aggregations has also been reported from natural 
populations of A agrarws, but this phenomenon is found only in the winter period and may be 
attributed to a decreased level of aggression under non-reproducuve conditions (Kosoj 1984) 

Interspecific Interactions 

Interspecific behavioural interactions hawe been repeatedly studied in small rodents, and then 
importance in ecological relationships between species has been proposed (Andr/ejcwsbi & 
Olszewski 1963. Circuit 1970. Randall 1978. Dienske 1979. Cassamg 1982. 1984, DcJunge 1983, 
etc ) 

Our results suggest supeuority of A agranus ova A sylvulwus hi aggressive interactions 
'1 his lit well with the ecological patterns of their distribution Habitat requirements of A agranus 
in Europe are specific (Zejcfa 1967, Kratochvil 1977, Bohme 1978) but (hey overlap partially 
with those of A sylvalicus In sympatnc populations, these two species occur even in die same 
community However, there are some indications of their competitive interaction leading to ex¬ 
clusion of A sylvalicus For example, both species are able to penetrate into isolated parks or 
cemeteries inside large cities and to establish dense populations representing even more than 
90% of the total rodent community Within sympatry, it is regularly A agranus that forms such 
urban populations while the A sylvalicus remains poorly represented (Chudoba et al 1961, 
Andrzejewski et al 1978, Elvers & Elvers 1984. Gavrilcnko 1970, Gliwicz 1980, MoSansky 
1985) In the absence of A agrarius, this niche is occupied by A sylvalicus (Yaldcn 1980, Pelikdn 
et al 3983, Vohralfk & Rehakova 1985. Dickman & Doncaster 1986, Frynta 1992b) 

Dominance of A agranus as a more specialised species, is in accordance also with a general 
rule operating in competitis'c interactions (Hallctt et al 1983) A sylvalicus was found to play 
a role of subordinate species also when interacted with closely related species and its possible 
competitor A flavicolhs (Hoffmeyer 1973, Montgomery 1978, Cihakova & Frynta. in prep ) 
Snurin & Shilova (1989) reported ihai Wood mice are subordinate also to the House mouse ( Mus 
muscuius), however, the laxonomic status of Russian Wood mice is suJI unclear 
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Abstract. the distribution ol the local populations of Cepaea homnsis (MUIlcr), C nemo rain (Linnaeus), and C 
vtruhbanenus (Ferussac) in Hoot him uid frequency of colour and shell banding morphs were recorded m 1957 - ] 994 
Ihc species differ in their habitat preference* and geographic distribution While C ttortens.tr occurs at Imtli uibsin and 
country localities over the whole Bohemia, C. netnorahs is limited to urban localities of northern, central and eastern 
Bohemia and C vtndobonensu lives at steppe localities along the Lube river and its mujoc tributaries, and in the Central 
Bohemian Karst The frequency of pink morph in local populations of both species varied between 0 and 1 no percent 
und was higher m C nemoralts than C hortinsrs populations In both specie, the distnbution of populations with lugb 
frequency cf yellow or pink morphs is mosaic, and the same mosaic pattern has distribution of 1)0000 ami 12345 
morph., High frequency ol shell banding morphs 00300 and 00345 tr C nemoralts is limited to small areas. In both 
species Hurra was no relationship between die above sea level altitude of tbe locality and percentage ol pink or mdanic 
individuals tr local populations. C vmdobtinensu populations of Bohemia show Ititle van at ton 

INTRODUCTION 

The presence of three Cepaea species. C. horrensis (MUIlcr). C nemoraUs (Linnaeus), and C 
vindobonensis (Ferussoc) in Bohemia was established since the beginnings of a scientific interest 
in malacology.The results of earlier works were summarized by Lofek (1956) who reviewes 
several papers concerning the Cepaea species (e.g. Slavik 1865, Petrbok 1943. Soborka 1945). 
Later on. distribution and variation in Cepaea species were not studied ai detail except the work 
of Schilder & Schilder () 957) which marginally concerns (he territory of Bohemia. Some results 
were published from surrounding areas of Central and Southern Europe (Jones 1973b, Rsifiilski 
1981). 

Earlier studies revealed the differences in geographic disL'ibulion of Bohemian Cepaea spe¬ 
cies. While C. honensls populations were found at die whole territory other species were limited 
to some areas C. nemoraUs was found only in the niiTth of the country and in several towns of 
western and central Bohemia (Karlovy Vary, Litom&rice, Nuvy Bydzov), and C. vindobonensis 
was limited to lowland surroundings of the over 14ibe and its major tributaries, and the karst areas 
of central Bohemia. The authors also mentioned typical differences in species requirements for 
habitat quality. Although the occurrence of colour and shell banding morphs was well docu¬ 
mented, a systematic study of their frequencies in local populations was not undertook, Ilonfik 
(1995) studied local distibulion and shell colour and banding polymorphism of C. nemoraUs. 
This work revised earlier results and presented some speculations on the causes of local differ¬ 
ences in distribution patterns of C. nemoralts and C. hartensis. 
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The aim of (his paper is lo present a summary of distribution and variation of C. hortensis and 
publish die data on morph frequencies in local populations of C hortensis and C. nemoral is. 
These data could provide a basis for the study of temporal changes in geographic distribution and 
polymorphism which may take an important part in determining the patterns of local morph 
variation (cf. Cuney et ai. 1968, Wall et al. 1980). Habitat preferences of the species arc also 
discussed. 


MATERI.ALAND METIIODS 


Crjjafii rw months and C hoitenus were collcaod systematically ai «he whole terriiory of Bohemia, in 1987-1994 
Nonhem Bohemia was investigated wiih a particular Intensity due lo simultaneous occurrence ol both species On 
mr.ny localities brief vijiis enabled only investigating Hie m«4 convenient hahitai.s roadsides, shrubs, urban rudetal 
are.»s and cemstenes (the latter were particularly convenient for all Cepoea species) The above sea level altnude of the 
localities was read 'rum I 50.000 maps llte geographic position of the localities (Appendices I and ID is indicaied with 
respect In n reference grid used fnr lYjrti.'tic mapping of the country (Novak 1989) which is identical With the one used 
for flonstic research in Central Europe (Slavik 1971) Tv surface of the country is divided Into rectangles Their west- 
cast dimension is 10 ' geographic longitude and norih-sourli dimension is 6' geographic latitude (approximalelly JI x 
I? km) The rectangles are designated in the west-easi (longitudinal) direction by serial numbers beginning with 38 
(easterly of 12 00‘ b), and tn the nonh-.euth (latitudinal) direction hy scnal numbers beginning wiih 49 (southerly of 
51 *06' N) Each rectangle is indicated by an apposition of its longitudinal and latiiudinal venal number 

The colour and shell handing forms were scored in adult living animals and well preserved dead shells The locali¬ 
ties where >10 C nemoraln or >20 C furnrnm individuals were collected were considered for statistic evaluation The 
difference was made due to importune* of C nei/wivh* <(a:a from marginal populations. These data are included in the. 
Appendices I and 2 The colour of the shells was classified as "yellow” or "pink”. In several populations the colour of 
some individual' was so pule tlvnt distinguishing of yellow and pink forms was difficult. In this case individuals with u 
trace of ibe |«mk colouration (usually near the top of live shell) were classified as “pink", the rest wAs classified as 
"yellow” The shell banding morphs were classified according to generally accepted conventions The bunds arc desig¬ 
nated as I to 5 beginning fiom the dorsal side, and h fusion of bands was indurated by bracked* As the number of fused 
bands could increase with animal age the number of fusions was counted at 1/4 whorl from the shell outlet The 
duplicated hauls (rate) were ceased u. single ones "Hyulozonutc" individuals whose bands were replaced by pale 
p. links (frequent in same C hintrwus populations) and individuals whose hands were diffuse (lacking the sharp edges) 
were censed as corresponding handed morphs In total. 417 populations of C hortensis at 343 geographic localities, 
220 populations of C nemvruhs id 130 localities, and 35 populations of C vtndobinensis were sampled 


1. Habitats 


RESULTS 


In Bohemia, all Cepaeo species live a( urban sites as well as at country habitats little affected 
by human activity. The impulsions were mast often encountered at <I) urban habitats - street 
margins, parks etc.. (2) cemeteries and (3) country habitats - grassy stands, shrubs, hedgerows, 
roadsides and other structures created hy human activity. 

Typical preferences of the Cepuea species differ largely. The main differences were (I) ten¬ 
dency to colonize urban or country habitats, (2) the type of vegetation cover, and (3) the altitude 
of the locality (Fig. I). 

C. hortensis is most tolerant in its requirements for habitat quality. The species lives at habitats 
grown by broad leaved and grassy herbs, as well as in the understory of shrubs. It was encoun¬ 
tered al bulb urban (61 % of cases) and country (39 %) localities (cemeteries were not included). 
The species was distributed evenly from lowland (160 m a.s.l.) to submontane (740 m a.s.l) 
areas. 

C. nemoraiis inhabits mostly localities grown by broad-leaved weedy stands and understory of 
shrubs It occurs scarcely al places grown by grassy vegetation. Most localities were within urban 
areas and only a .small fraction (1 %) were the roadsides in the near surroundings of the towns. 
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Fig I Above Almudmal distribution of Bohemian localise' rtf ike Ccpara specie?, Below Fnupienoynfr hortenus 
and C nemontlti populations according to die pc: cent ago ol the pink form 


The populations were found over a wide altitudinal range (140 - 580 m a.s.l.), mostly below 450 

ffi a s I 

C vindoboneruis lives at grassy steppe localities and at ruderal areas grown by mixed 
dycctyledonous and grass stands Most localities were in the country (93 %) Die species was 
found at lowland localities between 170 and 400 m a.s l. 


2, Geographic distribution 


The three Cepaeti species in Bohemia differ in their patterns of geographic distribution 
Populations of C horterms were found, with notable exceptions, over the whole territory (Fig 2) 
They were absent in montane areas bordering Bohemian frontiers - Novohradste hory. Sumava, 
Cesky les. I.u£ick6 hory, Jizersk6 hory. KrkonoSe, Broumovsk6 stfiny and Orlickd hory Moun¬ 
tains The populations were apparently absent (or very scarce) also at some areas of 400 - 700 in 
a s ! altitude I'his concerns the northwest of the country - D?b.1n, teskfi Stfedohoff and Labsk£ 
p/skovee Hills, and Slansk;« tabule and PodkruSnohorski panev Plains An area where C hortensu 
populations were also not found is the Brdy Mountains, the north of Pl/ertsk^ pahorkanna Hills, 
and TepelsktJ vrehy, Doupovske vrchy and Sluvkovsky les Mountains C hortensis populations 
are also less frequent in the areas where this species is replaced (at some localities) by C 
vtndobonensis and C nemorahs. 
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C nemoralis populating (Fig. 2) were found in northern Bohemia. The areas where they occu¬ 
pied the majority of the convenient urban sites were (a) the north of the country (bordered by 
labskd piskovcc, Ceska stfedohofi. Polomene hory, Ralsko-bezd£zska tabule, Cesky raj, and 
Jizcrskd hoiy Mountains), and die towns of (b) l.itomeficc and (c) Novy Bydzov with their near 



Fif 1. CJeogrnphii; distribution of (A) C. lumamlfs. (fi) C vmdobnnmsii, :md (C) hartensis populations. 


surroundings. In between these areas, C nemoralis populations occurred at some urban localities 
but other ones were populated by C horiensls. More southerly only few isolated populations were 
found, in Tachov (western Bohemia), Tuchlovice, UnhoSt’ and Zasmuky (central Bohemia) and 
Chotusicc, HavliCkuv Brod and Dolni KrupA (eastern Bohemia). The latter localities should be 
added to rhe list published by Ilonfik (1995). 
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C vmdoboneruis was distnhutcd al lowland localities of central Bohemia, aloii .14 die Labe river 
and its major Inbutanes, Jizera, Vltava and OhFe, and in the StfedoCesky kras karst area of central 
Bohemia Several occasionally recorded localities are shown in Fig 2 




Fig 1 Geographic distribution of C nemoralts populations with high proportions of coloer and shell banding 
forms The large points represent populations with (A) >80% of pink individuals, <B) >90 % of 12345 individuals, (C) 
>30 % of OOfXK) individuals. (D! >50 % of 00300 individuals, and (E) >5 % of 00345 individuals The small points 
represent other localities where >10 individuals of C nemoralm were collected 
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3. Frequency of shell colour and banding forms in local populations 


Bohemian populations of ('. vindohonensis are practically monomorphic. The only variation 
is a reduction of the bands 1 and 2, and occurrence of hyaiozonate individuals (Lo2ck 1956). 
Only lew individuals showing this type of variation were found. The variation ol C nemoralis 
and C. horlensis is discussed below. 

3.1 Shell colour 

Both C. horlensis and C. nemoralis have either a yellow or a pink shell colour. The populations 
with an increased percentage of the pink form were more frequent in C nemoralis than C. horlensis 
(Fig. I). In C nemoralis there was no trend to local aggregation of populations with a high 
frequency of the pink morph (Fig. 3). In tact, the range of variation in the frequency of pink form 
was similar in 53 populations collected on a small area of the towns of Litomfificc and Novy 
Byd/ov (ca 20 km : ). and the 125 populations from die rest of the country. C. horlensis populations 
w'ith a high frequency' of pink form were also scattered over the whole country (Fig. 4) and 
interspersed with populations containing small percentage of pink individuals. 


3 2 Shell handing 

Populations of C. horlensis consisted of bandless 00000 or five banded 12345 individuals. In 
local populations the morphs were present in proportions ranging fromO to 100 %. Populations 
consisting of >90 % unhanded individuals were aggregated in the eastern part of the country (Fig. 
4) while populations consisting only of 12345 individuals were found more frequently in the 
west (Fig 4). However, these populatios were interspersed with populations containing interme¬ 
diate proportions of both forms. Many C. hortensis populations contained banded individuals 
with two or more confluent bands. The distribution of populations with a high frequency of 
individuals with fused hands was mosaic. 

Populations of C. nemoralis contained shell banding morphs 00000,0U300.00345. and 12345 
whose distribution was discussed in detail by Honfk (1995). The populations with a high per¬ 
centage of morphs 00000 and 12345 (Fig. 3) were scattered over the whole area of species’ 
geographic distribution while the ones with a high frequency of 00345 and 00300 morphs were 
aggregated (Fig. 3). The distribution of the lattei morphs may be considered as an example of 
area effects. The populations with high proportions of individuals with hand fusions were scat¬ 
tered evenly over the whole territory. 

4. Morph frequency and the altitude of the locality 

We investigated the relationship between the above sea level altitude of the locality (which is 
a cone late of climatic conditions) and proportion of morphs which might have a thermoregulatory 
function. There was no correlation! between the altitude of the locality und the percentage of pink 
individuals), or the percentage of pooled melanic (123)(45) ar.d (12345) morphs in the respective 
populations 


DISCUSSION 


In Western Europe, the intraspecific variation of shell colour and banding patterns in Ctpaea 
species was studied by many authors, since the late 19th century. The materials were sampled at 
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a wasl number of localities, particularly in Britain, Spain, France and Germany The local varia¬ 
tion in morph frequency was related to climatic and microclimatic factors (Jones At Irving 1975. 
Ramos 19B4. 1985. Ratel et al 1989, Khemici el al 1989), visual selection by avian predators 
(Cain & Sheppard 1954, Cain 1968) and historical events including founder effects (c g Lamotte 
et al 1988) which modify the action of selective ftflees Despite the large body of accumulated 
knowledge the problem resisted the conclusive solution (Jones 1973a. Jones et al 1977, Cain 
1983, Lamotte 1988) Comparative studies of morph frequencies in local populations continue in 
contributing relevant information for the study of CifKiea polymorphism This study presents 
results from Bohemia, a territory rather isolated by surrounding mountains and spatially sepa¬ 
rated from Western Europe, with continental climatic conditions 

There exist several analogies as well as important differences between Bohemian and West- 
European populations of C, nemoralts anti C hortemi s 

(1) The geographic area of C nemoralts distribution is smaller than the one of C horitnsw (cf 
Lofck 1956, Jones & Clarke 1969, Ramos 1985) In the centre of the overtop of geographic areas 
of both species, the oceanic area of Western Europe, both species occupy similar urban and 
country habitats and frequently occur in mixed populations (Schdder & ScSiilder 1953, Mazon et 
al 1989) Habitat preferences of both species in Bohemia are different C nemoralts occupies 
urban sites C horlcnsis lives in the country liabitats as well as at urban sites ‘Hie laller are 
occupied bvC horlcnsis tr\ absence of C nemoralts Otherwise C nemoralts replaces C hortensis 
at urban sites almost completely and both species rarely occur in mixed populations (Hon£k 
1995) Similar differentiation of habitat preferences was observed also in Poland (Kolinski 198 f) 
Our results indieaie also different altitudinal preferences C hortensis occupied many localities 
at altitudes of >300 masl where C nemoralts populations were less frequent However, tins 
■'tolerance'’ to highland conditions could be a con sequence of the limited geographic distribution 
of C nemoralts C horlcnsis inhabits highland areas of Ceskomoravskavrchovina and submontane 
areas of western and southern Bohemia where C nemoralts is absent Climatic differences be¬ 
tween lowland and highland areas are small, not likely to limit the presence of C nemoralts 
although this species is probably less tolerant to harsh conditions than C horlcnsis (cf Jones & 
Clarke 1969) 

(2) Cepaea horiensis and C nemoralts differ in overall proportion of shell colour morphs The 
average proportions are tn accordance with continental trends In C nemoralts the average fre¬ 
quency of pink morph is in between the Mediterranean populations with a high frequency of 
yellow morph and Atlantic populations with increased frequency of pink form (Lamotte 1988) 
The overall proportions in Bohemian populations may he affecied by continental climate with 
average temperatures lower than in the Mediterranean region and scarce rainfalls Local effects 
of climatic selection (Jones & Irving 1975. Kamos 19H4, Lamotte ct al 1988. Khemici et al 
1989) could not be detected The average frequency of pink form ill C horlcnsis populations is 
lower than in C nemoralts This situation is similar to Western Europe. France (Guernica 1974). 
Britain (Cain at al 1969) and Germany (Schdder & Schdder 1953) 

(3) Differences were found also in occurrence of shell banding morphs Common morphs of 
C nemoralts present in Western Europe, OflOOO, 00300, 00345, and 12345 were found also hi 
Bohemia By contrast, only two morphs of C horlcnsis. 00000 and 12345, occur in Bohemia, in 
contrast ro French populations where also 00300. 10.305, and 00345 morphs wctc found (Guernica 
1974) Similar constraints on variation, however, were found in British (Cam et al 1969) and 
German (Schdder & Schdder 195.3) populations of C horiensis 

(4) Putterns of vernation between local populations of Cepaea in Bohemia and Western Eu¬ 
rope are similar in that frequencies of shell colour and banding morphs vary largely between 
populations separated by a small distance or even across a population continuum (Wolda 1969) 
.As a result, the distribution of populations with different frequencies of particular morphs is 
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usually mosaic. Area effects, occurrence of a high proportion of a morph in several populations 
aggregated in an ecologically heterogeneous area, were established in West European populations 
of C nemoralis (Cain & Currcy 1963). It was suggested that their existence is associated with 
unstable habitats and their origin favoured by “historical" events (founder effect) rather than by 
the selection proces s s (Cameron et al. 1984, Cameron & Dillon 1984). The existence of area 
effects in Bohemian populations of C. nemoralis is an interesting exception. The localities with u 
high frequency of 00300 and 00045 morph are aggregated on a rather large area. I suppose that 
the area effects are a consequence of the founder effect during rhe recent expansion of this spe¬ 
cies in northern Bohemia (Honek 1995). In contrast to C. nemoralis, no trace of area effects was 
found in C horrensis whose populations are long established in this area. 

In this work only a marginal interest was paid to C. viwiobonensis. Ii is a ponlie species which 
inhabits south-eastern and eastcrn-cential Europe. Czech Republic is near the north-west edge of 
its geographic distribution (Lo2ek 1956). The absence of variation in many Bohemian populations 
contrasts with southern populations where hyalozunuteindividuals niuy be rather frequent (Jones 
1973a, 1974). The difference i$ probably due to lower intensity of thermal stress in Bohemian 
populations. 

Compared with earlier results (Loiek 1956). our data confirmed the statements on habitat 
preferences of the Cepaea species, and indicated the spreading of the area of geographic distribu¬ 
tion of C. nemoralis ( Honfck 1995). Curious is the present absence of this species at the territory 
of Prague (JufiCkovfi 1994). This is a cross-road of traffic and offers many sites convenient for C. 
nemoralis. 
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Taxonomy, new species, new combination, keys, Cokoptera, Mordellidae, ATrotropical region. 

Abstract Morde liana btnouaa sp n. GUpostenc>da ferrugmea sp n, <7 mgncarnit xp o. (7 exellais xp. n. and 
Nrotnnntrlhitena (% sir) nun sp. n. nrc described. New combination Steno/non/u dispanln (Champion, 1917) from 
Mordella Linnaeus 1755 is proposed 


The presc.nl paper is based on the material of Mordellidae collected by J. Klappciich in flic 
Republic of South Africa in 1981 and deposited in ihc Natural Hisliny Museum "A Koenig". 
Bonn, borne duplicates are deposited in author’s collection. The paper represents a complement 
of previous papers by Franciscolo (1965,1967). Genera MordeUistena Costa. 1854 and Mordclhna 
Schilsky. 1908 will be treated in die second putt, which will be published later. 

Stenomorda disparilis (Champion. 1917) comb, n, 

Mmdrlla ihspanlu DiWitpirtn, 1917 180 

The equal si/c of the fourth and fifth antennal segments (the fourth segment being distinctly 
longer and wider than the third one, fig. 3) classify this species as a member of the group of 
genera Rimghta {Franciscolo. 1965). Distinctly developed dorsal ridge of posterior tibia and 
intermediate tarsus shorter than mesolibia suggest its appurtenance to the genus Stenomorda 
Ermtsch. 1950. Stenomorda disparilis is closely related to S. motoensis (Pic. 1931) and S. 
vilUW]tennis (Pic, 1931) from Congo. It shares with a completely yellow-red head, bill it differs 
from diem al the first sight by the black ventral surface und different colour pattern of elytra 
(Ilrmisch, 1968). The species with adjacent areal, S. fairmairei (Pic) from Madagascar, has 
a completely black head. For the shape of body, maxillary palpus, antenna and mule genitalia see 
Figs 1-6 

Length including pygidium 5.0 - 5.2 mm. 

Match tat. pxauj'CTO 2 males, Seychelrn, Mahc. Cascade, 14.10 1991, MantU leg. (1 male deposited in my collection). 

I mule. Seychclen. Muhe. Lc Nwl. 28 10.1991, Mar.dl leg . deposited in N»iurhis*orisches Museum. Wien 

Mordellaria binolata sp. n. 

Body short, rounded and rather convex (Fig. 7). Colour black, only anteclypeus. antenor mar¬ 
gin of labrum, maxillary palpi, six proximal segments of antennae, fore legs acid transverse hu¬ 
meral band of elytra (reaching posteriorly to about two thirds of the lingth of elytra) yellow 
brown. Intermediate femora and tibiae dark brown. Pubescence grey-black, becoming darker 
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F»gs J 0. Sienomorda dispwdss (Champion), male. Seychdes Isl J general new. 2 - maxillary palpus, 3 - an 
Mima, 4 - If ft arid riphi paramere, 5 - phallohasls; 6 - penis Scale a - I, h - 3.4, 5, c - 2, 4 


posteriorly. Three spots of darker hairs are developed on pronotum, the yellow-brown spots of 
elytra are covered with golden-yellow hairs. Pubescence of ventral surface golden-brown, only 
on posterior borders of abdominal steroiles and tire apex of pygidium grey-black. 

Head very broad (maximum length to maximum width ratio as 4.6 : 6.7), distinctly narrower 
than pronotum, gently einarginate posteriorly. Ryes comperativcly large very broadly oval, finely 
facetted, quite glabrous. Temples absent. PuncturaUon of head very fine und dense. Antenna and 
maxillary palpus as figured (Figs 9}. 

Pronotum strongly transverse (width to length ratio as 8 : 5), widest at ihe basal third, semicir¬ 
cular. without a collar shaped prolongation of anterior portion; posterior lobe rather flatly arcu¬ 
ate, broad Sides ('lateral view) straight, posterior angles moderately obtuse and strongly rounded 

Scutcllum broadly triangular, with silvery pubescence. 

Elytra short (hardly more than J 5 times longer than their combined width), strongly.convex, 
only moderately tapering posteriorly behind humera, separately rounded at the apex. 

Pygidium short, broad, only by one third longer than hypopygium. 

Anterior Libia gently curved inwards, without longer outstanding hairs. Anterior tarsus a little 
shorter than tibia, its first segment twice as long as the second one, particular segments becoming 
gradually shorter; penultimate segment minute, longer than wide, truncate. Intermediate tibia 
shorter than tarsus. Posterior tibia, besides a short apical ridge, with one distinct dorsal ridge. The 
first segment of posterior tarsus with one distinct dorsal ridge, following segments simple. Tentu 
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F:g< 7 13 Mordellarta birwtaia sp n . male, holoiype 7 - general view, 8 • maxillary palpus, 9 - anlenna, 10 • left 
and right paramrre, 11 - phallobasis. 12 - penis. 13 - 8-th internal stemite Scale a - SO. b - 7, c - II, 12. 13. d - 8. 9 


nal spurs of mctatibia black-brown, outer one reaching less than one fifth of the length of the 
inner one 

Male genitalia as figured (Figs 10-12) The eighth urostemite almost quadrate, its distal mar¬ 
gin truncate laterally, cmarginate in the middle and within the emargmation covered with dense 
black hairs (Fig 13) 

Length from the ups of mandibles to the Ups of elytra 3 2mm. to the apex of pygidium 3 7 
mm 

Name derivation Named after its very disunct two humeral bands 

DiFFEREMiONAi. DIAGNOSES The fourth known species of Mordellana Errmsch. 1950 from South 
Africa may be distinguished from the other species according to the following key (according to 
Franciscolo 1965) 

1(2> Segments of posterior tarsi without ridges length 3 2 mm East of (he Cape Province 

M pulcheUa Ermisch, 1954 

2(1) Basal sepmenl of posterior tarsus with distinct dorsal ndge Ridge sometimes developed also on the second 
segment 

3(4) Antennae thin, filiform, segments 5 to 10 hardly wider than the four basal segments, each of them much longer 
than broad Byes sparsely pubescent Length 4 mm Zulu!and M htssn Fruociscolo. 1965 

4(3) Antennae robust, short, strongly dilated beginning from the fifth segment Each of Ihe segments 5 to 10 wider 
than long, strongly serrate Eyes glabrous 
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5(6) SeciHid segment of posterior tarsus without dorsal ridge Elytra very short (male), only a little more than 1 5 
times longer than their combined width. Body black, except for transverse yelktw-lmiwn h.uid covered with 
bnghtly golden yellow liuus iuid reaching from huaiem ;o about two thirds of the length o elytra Rest nf the. 

dorsal surface with grey-black pubescence. length IT mm Natal.. M biwiaio sp n 

6t5) Second segment ol posterior tarsus with short and dLstmct dorsal ridge. Elytra twice as long a.' then combined 
width (female), besides yellow red semicircular humeral spot beanng also transverse band in the apical third 
The light spots on elytra covered with golden pubescence, which moreover makes up smother transverse band 
situated between the two light spots, just behind the mullcngth of elytra Ixngth <5 3 mm. Cape Province. Nuial 
. . M qfrieana I ramiscolo, 195b 

Tm: matwial. Holotypus. male. SWA, Natal prov., St. Lucia. 10m. 23 -27 10.1981, J Klappencb leg . deposited in the 
Namihistorisches Museum "A. Koenig" Bonn 


Glipostenoda fcrruRinca sp. n. 

Body short, strongly rounded and strongly convex (Fig. 14), entirely yellow-brown with golden- 
yellow pubescence. 

Head flatly convex, wider than long (width to length as 5.3 : 4.2). Eyes comparatively small, 
finely facetted and pubescent. Temples not developed (Fig. 17). Second segmenl of maxillary 
palpus as wide as the third one, terminal segment narrowly securiform, its inner angle shifted 
somewhat behind the midlength of the segment (Fig. 15). Antennae rather long, the fourth seg¬ 
menl distinctly longer and slightly wider than the third one; the fifth segment by one third longer 
and by one fourth wider than the fourth one; each of the segments 5 to 10 is 1.8 times longer than 
wide; terminal segment oblong oval, 2.3 times longer than wide (Fig. 16). 

Pronotum wider than long (width to length as 6.7 : 5.8). Anterior portion arcuately elongate, 
without a collar-shaped prolongation. Sides (lateral view) gently incurved, posterior angles al¬ 
most rectangular, rounded. 

Scutellum small, triangular, with rounded apex. 

Elytra strongly convex, twice as long as their combined width, at sides rounded, almost simul¬ 
taneously rounded at the apex, finely and sparsely punctate, shining. 

Pygidium elongate, conical, 2.3 times longer than hypopygium. 

The first segment of anterior tarsus twice as long as the second one; second segment by one 
third longer than the third one; the fourth segment wider than long and by third shorter than the 
third one, deeply bilobed and wider than the preceding one; terminal (fifth) segment almost twice 
as long as the fourth one (Fig. 18). Intermediate tarsus as long as tibia. Metatibia. besides apical 
ridge, with three long and very oblique lateral ridges, the proximal one being fine. First segment 
of posterior tarsus with four, second segment with two ridges (Fig. 19). Outer apical spur of 
metatibia reaching approximately one half of the length of the inner one. 

Length from tips of mandibles to tips of elytra 3.7 mm, to the tip nf pygidtum 4.7 mm 
Namh derivation. Named after its entirely yellow-brown coloured body. 

Differential diagnosis. G.ferruginea sp. n. maybe incorporated into the key to afrotropical spe¬ 
cies by Franciscolo (1967) as follows: 

9(10) Metatibia with two very oblique, but comp:ralively short. lateral ridges. I he lira and second segments ot 
posterior tarsus hearing, three (very oblique) and two (short and nhliqooj ridges respectively. Body red yellow, 
elytra as well a.< the disc of pronotum with elongate black spot, missing In some specimens from Nata^ and 

Transvaal. Length (including pygidium) 4.5 mm "CufTrarm", Natal, linnsvnal. 

. . <7. putLi (Fahrneus, 1870) 

10(9) Metatibia with three strong and oblique lateral ridges, the proximal ridge being extremely oblique and mark¬ 
edly liner than folloving ones, winch arc very strong and different The fust and second segment of posterior 
tarsus hearing four and two ridges respectively. 





Figs 14-19 GtipnsieiUMtaferrugfr.ea sp. r.. female, bolotypc: 14 - general view. 15 - maxillary palpus; 16 • anlenna: 
17 - eye; IS anterior tarsus, !9 posterior tihia am! tarsus Scala: a 14, b - IS. c - 16. 17, IS. 19 


a(b) Completely yellow-brown. Elytra less than twice as long as their combined width, laterally rounded. Pygidium 
twice as Jong as hypopygium. Length {Including pygidium) 4 7 rum. TransvaJ ... .. G femigineo >p n 
b(.?> Rusty with Mack head Elytra 2.3 times longer Than their combined width, rather parallel-.'ided Pygidium only 

1.5 tines longer than hypopygtun. Length (including pygidium) 5 7 mm Congo... 

...,. . G. desoeg*n Rrmisch, 1952 

Tvft x*>it»LAL Holotypus. Icmale. SK Piov Transvaal, Blydepoort. 20.11 1981. J. Klappench leg., deposited in the 
Naturluslorisches Museum "A Koenig”. Bonn. 
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Giiposip.no/la nigricolor sp. n. 


Body comparatively sliotl, moderately rounded and convex (Fig. 20). Completely black ex¬ 
cept for red-brown palpi, antennae, anterior legs and intermediate Tibiae and taTsi Intermediate 
femora and entire posterior legs black-brown. Terminal spurs of metatibia yellow. Pubescence 
black-brown, only on hum era and along suture paler, golden. 



Hgs 20-23. LihpoiStnotla mgncolor sp. n.. female, holotypc. 20 - general view; 21 - maxiUar> pulpas; 22 - antenna; 
23 posterior Cilia and tarsus. Scale; a - 21, b - 20; c - 22. 23, 


Head flatiy convex, wider titan long (as 4.3 : 3.5). Eyes small, somewhat coarsely facetted, 
pubescent Tempora not developed. Second segment of maxillary palpus slightly wider than the 
third one, terminal segment shortly and broadly securiform, its inner angle situated somewhat 
behind midlength of the segment (Fig. 21). Antennae rather short, segment 3 shorter than 4, each 
of the segments 5-10 about 1.5 times longer than wide (Fig. 22). 

Pronotum wider than long (as 5.4 ; 4.2), its anterior portion semicircular without a collar like 
prolongation. Sides in lateral view straight, posterior angles broadly obtusely rounded. 

Scutdlum small, with broadly rounded apex. 

Elytra flatly convex, 2.4 times longer than their combined width, indistinctly separately rounded 



al die apex, shining, with fine rasp-like pun duration. 

Pygidlum conical, twice as long as hypopygium. 

Penultimate segments of anterior and intermediate tarsi biluhed, quadrate and wider than the 
preceding segments; first segment by one third longer than the second one, that almost twice as 
long as the third segment, which is hut slightly longer and narrover than the fourth one; terminal 
segment by one liuLf longer than die penultimate one. Intermediate tarsus as long, us mesolibiu. 
Metatibia, besides the apical ridge, with two very short and only slightly oblique lateral ridges. 
The fust and second segments of posterior tarsus with four and two ridges respectively (Fig. 23). 
Outer terminal spur of metatibia reaching one tliird of the length of die inner one. 

Length from tips of mandibles to tips of elytra 3 0 mm. to tip of pygidium 3.7 mm. 

Name derivation. Named after its entirely black coloured body. 

Position of G. nigricoiur sp. n. m die key to the Soudi African species by Franciscolo (1967): 

120) Post en or tibia with 2 4 shutt ;mJ lillle oblique Jaleial ridges, which are parallel in lhe posterior margin of tibia 
a|d) Only first and second segments of posterior tarsus w ith ridges 

b(c) Body completely black (except mouth parts, palpi, antennae, anterior legs and intermediate tibiae and tarsi) 
Terminal sepnvn: of rtmilUry pa'pur- short and broadly securiform, its inner angle situated somewhat behind 
middlcngth of the segment Mclanbla «vnh two very short and only slightly oblique lateral ndges Antennae 

short, lli^ii fiflh segment 1.5 times lunger (him w ide Length (including pygidium) 3 7 mm. S.W Africa. 

............. 0 mgnrnlor sp n 

c(b) Black, partly scniewhnt brownish, with red-brown pattern of elytra consisting of humeral spot, transverse band 
behind the mirflanpth of elytra a;»d cnmincm apical spot Terminal segment of maxillaiy palpus elongate ami 
narrowly securiform, ns inner angle situated in the distal fourth of the segment Mctatibia with three short 
lntcr.il ndges (the upper one somewhat rudiment ay) Length (including pygidium) 4 2 min S W Afnca 

.... G. exeUens sp. n 

deni Ridges developed on three basal segments o* posterior tarsus 
Ufl4) Continued according to Franciscolo (1967). 

Tm material Holotypus, female. SWA. Tsiuakamma Berge, Stormsriver, I 12 1981, I Klapperich leg ; deposited in 
the Nttuitusionsches Museum "A. Koenig". Bonn. 


Glipostenoda excellent sp. n. 

Body short, rounded and convex (Fig. 24). Colour black-brown to black, elytra with red- 
brown pattern consisting of elongate humeral spot, narrowly connected along suture with trans¬ 
verse band behind the midlength of elytra and also of apical portion of elytra. Anterior portion of 
the head paler, anteclypeus yellow', labrtim brown, mandibles (excluding tips) and maxillary 
palpi red-brown. Antennae brown and gradually infuscate posteriorly, their terminal segment 
being quite black. Anterior and intermediate legs brown, intermediate femora and posterior legs 
dark brown. Terminal spurs of metatibia yellow-red. Ventral surface black, anterior portion of 
metasternum red-brow’n. Pubescence of dorsal surface black-brown, on elytra! pattern brightly 
golden-yellow. 

Head rather flatly convex, width to length ratio as 5 : 4. Eyes comparatively small, finelly 
facetted and pubescent. Temples absent (Fig. 27). Second and third segment of maxillary palpus 
almost equally broad, terminal segment elongate and narrowly securiform, its inner angle situ¬ 
ated in the distal fourth of the segment (Fig. 25). Antennae long, the third segment shorter than 
the fourth one, each of the segments 5-10 more than twice as long as wide (Fig. 26). 

Pronotum wider than long (w'idth to length ratio as 6 : 5), without collar-shaped anterior pro¬ 
jection. Sides (lateral view) almost sttaigth, posterior angles obtusely rounded. 

Scutcllum triangular, small and narrow. 




Figs 24-28. GUpos:enmla trellens sp. n„ female, holwype: 24 - general view: 25 - maxillary palpus, 26 - antenna; 
27 - eye, 28 • posterior (ihia am! larsus. Scale: a - 25, h - 24; c - 26. 27, 28. 


Elytra convex, 2.2 times longer than their combined width, indistinctly separately rounded at 
the apex, shining, with very fine rasp-like puncturation. 

Pygidium slender, conical, 2.3 times longer than hypopygium. 

The first segment of anterior tarsus by two thirds longer than the second one, that a little more 
than twice as long as wide; third segment by 1.5 times longer than wide, by one third shorter than 
the second one and by one third longer than the fourth segment: the fourth segment quadrate, 
bilobed and somewhat wider than the preceding ones; terminal segment only 1.5 times longer 
than the fouth one. Intermediate tarsus as long as tibia. Metatibia, besides the apical ridge, with 
three short lateral (proximal one somewhat rudimentary), which are parallel to the apical margin 
of tibia. The first segment of posterior tarsus with four ridges (two proximal ones very rudimen¬ 
tary'). the second segment with two little distinct ridges, following segments smooth (Fig. 28). 
Outlier terminal spur of metatibia reaching three fifths of the length of the inner one. 

Length from tips of mandibles to tips of elytra 3.5 mm, to the lip of pygidium 4.2 mm. 
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Namt; derivation. Named after its delicious coloured elytra 

Difff.rfntional diagnosis. For diagnostic!^ character sec die key by Glijwslenoda nigri color 
sp. n. 

Type matptuai Holotypu*. female, SWA. T*it?ikamma Herfe. Stormsriver, 1.12 1981. J. Klappench leg : deposited in 
the Natural History Museum ‘A. Koenig”. Bonn. 


Neomoid ellistena (s. str.) roeri sp. n. 

Body slender, parallel-sided and strongly convex (Fig. 28). Yellow with golden-yellow pnhes- 



Figs 29 35 NromordeUistena rotr. sp. n. male. Jiokxype- 29 - general vie*. 30 maxillary palpus; 31 • antenna; 
32 - posterior tibia and tarsus, 33 - parametr; 34 - phallobasis, 35 - penis Scale: a - 29, b - 30, c- 31,32, 34, 35, d - 33. 



cence, only antennae from the fifth segment, as well us three basal abdominal segments, brown. 
Apical marking of all segments of posterior legs as well as all ridges black. 

Head strongly convex, slightly wider than long (as 5 : 4.5). Eyes oblong oval, finely facetted 
and pubescent. Neither temples or temporal angle developed. Second segment of maxillary palpus 
slightly wider than the third one, terminal segment In male narrowly securiform with inner angle 
situated within its distal fourth (Fig. 29). Antennae (Fig. 30) rather long, filiform, the first and 
second segments subequal, third segment minute and elongate, by almost one half narrower and 
shorter than die second one; the fourth segment as wide as, but slightly longer lhan the third one. 
the fifth segment by about one fourth longer and wider than the fourth one, almost twice as long 
as wide; following segments gradually slightly abbreviated, terminal segment oblong oval, twice 
as long as wide and by nearly one fourth longer than the penultimate one; antennae in female 
shorter, the fifth segment neatly 1,5 times longer than wide. 

Pronotum wider lhan long (as 10.5 : 9), its anterior margin with collar-shaped prolongation. 
Sides (lateral view) cmarginatc, posterior angles rectangular. 

Scutcllom very broadly semicircular, with shon apical point. 

Elytra 2.8 times longer than their combined width, parallel-sided, wilh very fine rasp-like 
puncturation and sparse golden-yellow pubescence. 

Pygidium very slender, conical, three times as long as hypopygium. 

Anterior tibia in male straight, feebly swollen, without longer hairs on its inner side. All seg¬ 
ments of anterior tarsus but the terminal one equally broad, the fourth segment quadrate, emarginate 
in two thirds of its length and, like on Che intermediate tarsus, with onychiurn on its ventral side. 
Intermediate tarsus longer than mesotibia. Metatibia apart from the apical ridge with only one 
short lateral ridge, parallel to the apical margin of tibia. Each of the first and second segments of 
posterior tarsus with one ridge {Fig. 31). Outer terminal spur of metatibia reaching one third of 
the length of the inner one. 

Male genitalia as figured (Figs 32, 33,34). 

Length from tips of mandibles to tips of elytra 2.4 - 2.5 mm. to lip of pygidium 3.3 - 3.4 mm. 
Name derivation. This species is named after Dr. H. Roer from Naturhistorischess Museum “A. 
Koenig”, Bonn. 

Djfferentionai. diagnosis. The new species differs from all know' species of the genus 
NeomordeULsietui Ermisch. 1950 in having only one lateral ridge on metatibia, the constant number 
being two in other species. 

Type m*T£jual. Holotypus. male. SWA. Tsilsikairma Berge, Stormsriver. 3 12 1981. i Klappench leg. Allorypus. 
female, Ihc same daia; Paratypo 3c s, ihc same dam; all deposited in the Naiurhismnsciics Museum "A. Koenig Bonn 
(one Paralypc deposited in ray collection) 
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Abstract. First records of die genus Stenaha Mu l<an i from Oriental region are given and following r.cw species are 
described Stenaha name mis sp n . S pacholatkot sp n . $ dembickyana sp it (ail from Thailand), S tonkinea sp n 
< Vietnam) and S utdicc sp n {India) Key to the O.ienial species of Stenaha is given 


INTRODUCTION 

The genus Stenaha Mulsant, 1856 has been known only from Palaearclic and Afrotroptcal 
regions, the easternmosl species having been S rufohumeralis Pic, 1926 from Kamtschalka The 
tnbus Stcnaiuni has been represented in the Oriental region only by the genus Brodskyella Hortfk, 
1989, which at present contains two species One of them, B pectorahs (Pic, 1923), was origi¬ 
nally described as Stenaha by Pic (1923) In the present paper are given descriptions of five new 
species of the true genus Stenaha from Oriental region As suggested by the configuration of 
ndges on posterior legs, all these species are related to the Afrotropical species of the genus 
(Franciscolo 1957) but, on the contrary, they have maxillary palpi of normal size (like Paiaearctic 
species), not as minute as tbeAfrolropical ones AU new species were collected in rather dry areas 
of northern Oriental region and the discovery of further undescribed species in the zone between 
northern India and northern Vietnam can be expected 
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Key to Oriental species of Stenaha 

I (6) Termnal spurs of mctatibsa yellow to yellow-brown 

2(3) Tcmuiiaj segment of nuxiilnry palpus in nude short, quadrangular, its outer margin with additional rounded 
angle at two Thirds of its length (Fig 2) Antennae beginning from the fifth segment strongly serrate, each of the 
segments 6 - 9 almost three times as wide as ihe fourth one (Fig 3) Length 5 8 mm Thailand 

. S stameituf sp n 

1(2) Terminal segment of maxillary palpus :n male short, narrowly securiform, distinctly triangular (Figs 8. 16) 
Antennae filifurai. each of segments 6 9 JuuJly twice broad as th? fourth one (Figs 9, 17) 

MS) Fyes very broad, almost round, reaching posterior margin of the head Temples not developed Ventral margin 
of head of head strongly rounded below eyes (Fig II) Length 5 8 mm Thailand 5 pacholatkoi sp n 
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5(4) fcyc, oblong ova*, rarrpwcC anteriorly, not reaching posterior margin ot head Temples distinctly de«lopwt 
Ventral margin ofltead almosi ilai below wes (Pig 19} I .mgUi 6 7 - 7 I mm Vietnam. S innkwtu sp n 
6tI) Icrmtnal spurs of metaubui black 

7(8) Eyes not reaching posterior margin of head. templos narrow, bul distinctly developed (Fig 24). Maxillary 
palpi in both sexes narrow, second segment in male only slightly wider than the following ones [Fig 21) Basal 
segment of anterior tarsi only slightly wider than the following ones (Fig 23) Length 5 3 6 8 mm Thailand 

. . . - . • A’ dtmhKkyiina sp n 

8(7) Lyes reaching posterior margin o; head, templet completely missing (Fig 32) Maxillary palpi strongly dilated, 
second segment in mule by one third wider than the third one (Fig. 29). Busal segment o( anterior tarsi in male 
swollen, distinctly wider than the following ones (F;g. 31) Length 5 2-62 mm India (Bengal). 
...........5 uulicu *p n 


Slenalia siamensis sp. n. 

Slender and little convex (l-'ig. I). Black, with yellowish dvtra bordered with black both ut 
sides and suture. palpi yellow, four basal segments of antennae, anterior legs and terminal spurs 
of metatibia yellowish brown. Pubescence black, becoming silvery on anterior portion of 
mesosternum and at the bases of abdominal stemites. 

Head rather broadly convex, wider than long fas 6 : 5). Eyes broadly oval, not emarginatc at 
insertions of antennae, very finely facetted, glabrous. Neither temples nor temporal angles devel¬ 
oped. Second segment of maxillary palpus (Fig. 2) with a plate-shaped extension at the tip. by 
nearly one fifth wider than the third segment; terminal segment broadly securiform w ith strongly 
rounded anterior margin, so that it is nearly tetragonal with arcuate unequal sides (having a form 
of quadrangle w f ;th arcuate sides of unequal length). Antennae long (Fig. 3), beginning from the 
fifth segment strongly dilated and serrate; segment I by one third longer and slightly larger than 
2, 3 very minute, by one third shorter and slightly narrower than 2. neighbouring segments, 
which are subequal; 5 by one third wider and somewhat longer than 4; segment 6 is the largest 
one, both longer and wider by one fifth than 5 and 1.3 times longer than wide; segments follow'- 
ing the sixth one gradually diminishing, terminal segment oblong oval, almost twice as long as 
wide, by one third narrower and slightly longer than the penultimate one. 

Pronotum moderately convex, rather parallel-sided, distinctly longer than wide (as 7.4 - 6.6). 
Anterior margin with slight collar-shaped protuberance. Sides (lateral view) emarginale. poste¬ 
rior angles rectangular. Dorsal surface densely and finely punctate. 

Scutcllum broadly triangular with silver)' pubescence. 

Elytra narrow, 2.7 times longer than their combined width, very little convex, parallel-sided at 
the base, from tine third of their length gradually narrowed towards the separately rounded tips. 

Pygiditim elongate, triangular, flat, by one third longer than hvpopygium. 

Anlcnorlibiac gently curved inwards, without a calf-1 ike swelling and longer hairs at the base. 
Basal .segment of anterior tarsus slightly wider than tibia, as long as two following ones together; 
tourth segment rectangular, deeply bilobed, with onychium on ventral side. Mesotibiae strongly 
curved inwards, as long as middle tarsi. Metatibia (Fig. 4), besides an oblique apical ridge, with 
two oblique lateral ridges, first segment oi hind tarsus with three ridges (upper one rudimentary), 
each of the second and third segments with one ridge. Outer terminal spur of melatihia almost us 
long as the inner one. 

Male genitalia as figured (Figs 5, 6). 

Length from tips of mandibles to Ups of elytra 4.6 mm, to lip of pygidiuni 5.8 mm. 

Name derivation. The specific name refers to country of origin - Siam (today Thailand). 

Type matmiwi llololype, male, That. Paloftg. 750 m. )9‘55 N 99’ft6' F., 26 -28.5 1991, Vlt KuMft leg . dcposilec in 
my collection 
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DiHT-KfcfrciAi, diagnosis For diagnostic characters see the above key to One n la) species otStenalia 



Tips 1-6 Kenaha tuimeivus sp n (hototypus, male) I - general view, 2 - maxillary palpus, 3 - antenna. 4 - poste¬ 
rior tibia and tarsus. 5 - left and nghl paramcrc. 6 * phallobusc Stale a - 4. b - 2. c - 5. d - 3. c - 6. f - 1 


Stenaha pacholaikoi sp. n. 

Slender and little convex species (Fig 7) Black, yellowish elytra bordered with black at sides 
and along suture, palpi, four basal segments of antennae, maxillary lobes, fore legs and terminal 
spurs of meranbia brown-yellow, middle legs blackish brown Pubescence black, on the anterior 
portion of mesostemum and bases of abdominal stermtes silvery 
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Figs 7-14 SiencUa pachoiaik/* ,«p n {holotypus, irals) 7 genera, view, 8 - maxillary palpus. 9 anienna. 10 - 
posterior tibia and tursos. II - eye. 12 - left and nglit paiutneie. 14 phaltnftase. 14 penis Scale a - 10, h 8. c 12. 
J - 9.e I*. I4.f-7.g-II 


Head broadly convex, wider than long (as 6 5). Eyes broadly oval, not cntarglnate against 
insertions of antennae, very finely facetted and glabrous. Temples not developed (Fig. 11). Se¬ 
cond segment oi maxillary palpus in male strongly dilated (Fig. 8), plate-shaped, almost by one 
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third wider than the third, terminal segment broadly securiform, inner angle shifted from its 
midlength slightly towards the base; in female is the terminal segment narrowly securiform. An¬ 
tennae (Fig. 9) of medium length, neither strongly dilated nor strongly serrate beginning from the 
fifth segment; segment 1 almost by one third longer and slightly wider than 2; 3 by one third 
shorter and distinctly narrower than 2; 4 by one. third longer than and as wide as 3; 5 by one third 
longer and by one fourth wider than 4; 1.4 times as long as wide, segments beginning from the 
fifth one slightly gradualy diminishing distally, so that the segment 10 only 1.2 times as long as 
wide; terminal segment oblong oval. 1.5 times as long as wide and by one third longer than the 
preceding one. Antennae in female narrower. 

Pronomm ratheT flat, little convex, parallel-sided, longer than wide (as 7.2 : 6.5), anterior 
margin with distinct collar-shaped projection, more strongly developed in female. Sides (lateral 
view; deeply emarginate, posterior angles rectangular. Disc finely and densely punctate. 

Scutcllum small, broadly triangular, with silvery pubescence. 

Elytra narrow, 2,7 times longer than their combined width, feebly convex, in basal fourth 
parallel-sided, se.parate.ly rounded at apex 

Pygidium elongate, conical, flat, by one third longer than hypopygium, both pygidium and 
hypopygium shorter in female. 

Protibiac in male strongly curved inwards, without calf-like swelling and without longer hairs 
at the base. Anterior tarsus, exept for the last segment, as wide as tibia; first segment nearly as 
long as three following ones, fourth segment deeply bilobed with onychium on its ventral side. 
Mesotibiae strongly curved inwards and distinctly longer than tarsi. Metatibia (Fig. 10), besides 
a strongly oblique apical ndge. with two very oblique lateral ridges. First segment of posterior 
tarsus with two oblique ridges, each of the second and third segments with one ridge. Both termi¬ 
nal spurs of metatibia of equal length. 

Male genitalia as figured (Figs 12 - 14). 

Length from tips of mandibles to tips of elytra 4.6 mm, to tip of pygidium 5.5 - 5.9 mm. 

N amf derivation. The new species is named for one of its collectors and my friend Mr. Petr 
Pacholarko. 

Type material. Holoiypus, male. Thai. Nanuong. 21.-26.5 1993. Pachoiaiko and Dembicky leg.; Allotype, female. NW 
Thailand, Mae Hong Son distr., Ban Si Lang. 1200m, 23.-31.5.199!. J. Hordk leg.; both deposited in my collection. 


Differential diagnosis. For diagnostic characters see the above key to Oriental species of Stenalia. 


Stenalia ronkinea sp. n. 

Slender and rather large species: 6.7 - 7.1 mm (Fig. 15). Black; maxillae, five basal antennal 
segments, terminal spurs of metatibiae and almost entire elytra yellow. Pubescence black apart 
from the silvery hairs on anterior portion of mexosternum and bases of abdominal stemites. 

Head short, strongly convex, longer than wide (as 6.3 - 5.5). Eyes oblong oval, both above and 
below only moderately rounded, finely facetted and glabrous, not reaching posterior margin of 
head capsule. Temples distinctly developed (Fig. 19). Maxillary palpi (Fig. 16) in female yellow¬ 
ish brown, second segment somewhat wider than the third one; terminal segment elongate, 
securiform, inner angle situated beUveen middle and two thirds of its length. Antennae (Fig. 17) 
rather long, narrowly serrate, with four ro six basal segments yellow brown. 

Pronotum flatly convex, longer than wide (as 9 : 8). Anterior margin with distinct collar- 
shaped projection. Sides in lateral view' strongly S shaped, posterior angles rectangular. 

Scutellum small, triangular, with silvery pubescence. 
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Fijps 15-19 Ustnaita lonkimn n (holotypiis, female) 15 - general view, 16 maxillary palpus, 17 - ailenna. IS - 
posterior lihia and tarsus, 19 - eye Stale a • 16, b - 17, c - 18, d - 15, e - 19 


Elytra, especially in Ihe middle, strongly flattened, 2 8 times longer than their combined widtli. 
separatclly rounded at the apex, with very fine and dense rasp-1 ike. punctures Surface of elytr«7 
yellow, black border very indistinct, basal portion completely yellow with yellow hairs, pubes¬ 
cence on the rest of elytra bLackish 

IVgidium elongate, conical, flat, more strongly narrowed at the apex, almost twice as long as 
hypopygium 
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Anterior tibiae distinctly shorter than and as wide as anterior tarsi, moderately curved inwards 
(female) First segment of anterior tarsus only slightly shorter than three following segments 
combined, penultimate segment subquadrate, deeply biinbed, with compact onychium ventrally 
Middle tarsi shorter than mesonbiae Metatibia (l ; ig 18), besides oblique apical ridge, with two 
very oblique lateral ridges, the lower ridge being somewhat shorter than the upper one First 
segment of posterior tarsus with two oblique ridges, each of the second and third segments with 
one ndge Terminal spurs of mctatibia yellow, subequal 
Length from tips of mandibles to tips of elytra 6 2-68 mm, to tip of pygidmm 67-71 mm 
Name derivation The specific name refers to country of origin - Tonkin (today northern part of 
Vietnam) 

Tvre M«reiM«L Holplype female HunBinh Tonkin, deCooman leg ,278 bc«nng manuscript label' Slcnalia an^ustdia' 
P*ntv<v ) female Hoa :Imh Tonkir both deposited in Museum d’Hwoire Nalurelle, Pam 

Differentia i . diagnosis For diagnostic characters see die above key to Oriental species oiStenaha 

Sienalia demhickyatui sp. n. 

Slender and little convex (Fig 20) Black, maxillary palpi and four basal antennal segments 
blackish brown, elytra yellowish brown with very narrow' indistinct black border and infuscate 
tips Pubescence black except for silvery hairs on anterior portion of mesostemum and on bases 
of abdominal stemites 

Head rather broadly convex, wider than long (as 7 3 - 6 3) Eyes broadly oval, not emargmate 
against insertions of antennae, very' finely facetted and glabrous Posterior margin of eye not 
reaching posterior margin of head capsule, temples narrow, but distinctly developed Fig 24) 
Second segment of maxillary palpus (Fig 21) narrow, long, distinctly wider than the third one 
terminal segment in both sexes narrowly securiform, inner angle situated somewhat behind its 
midlength Antennae (Fig 22) medium-sized, dilated beginning from the fifth segment, which is 
twice as broad as the third one, segments I and 2 equally broad, 1 by one four longer than 2, 3 
slightly shorter and by one third narrower than 2, as large as 4, 5 by one fourth longer ar.d by one 
third broader than 4. segments beginning from the fifth one gradually abbreviated distally, fifth 
segment I 4 times, tenth segment 1.2 times longer than broad, terminal segment oblong oval with 
narrow'ed distal end. as long as and only slightly narrower than the preceding one Antennae 
equal in both sexes 

Pronotum moderately convex, rather parallel-sided, longer than wide (as 9 8) Anterior mar¬ 
gin with slight collar-shaped projection Sides m lateral view strongly emargmate. posterior an¬ 
gles rectangular l>i$c finely and densely punctate 
Scatcllum triangular, with silvery pubescence 

Elytra narrow. 2 5 times longer than their combined width, little convex, parallel-sided at the 
base, behind it gradually narrowed posteriorly, narrowly separately rounded at the apex 
Pygidmm elongate, conical, flat, by one third longer limn hypopygium 
Anterior tibiae in male straight, without swelling and without longer hairs at the base, longer 
than antcnor tarsi First segment of antcnor tarsus (Fig 23) slightly narrower than tibia, as long 
as two following segments combined, fourth segment slightly longer than wide, wider than pre¬ 
ceding segments, bilobcd in two thirds of its length and with rounded onychium ventraUy 
Mesotibiae strongly curved inwards, as long as nuddle tarsi Metalibia. besides un oblique apical 
ridge, with two long and oblique lateral ridges, the upper ndge being distinctly longer than the 
lower one Basal segment of posterior tarsus with three ridges (the uppermost ndge often rudi¬ 
mentary or even missing), each of the second and third segments with one ridge Outer terminal 
spur of mctatibia by one fifth to one sixth shorter than the inner one 
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Figs 20*27. Strnaha dembukyuna sp n. (fcolorypus, male) 20 • general view; 21 • maxillary palpus; 22 - onten.'m. 
- anterior tarsus: 24 - eye; 25 - left and light paramere; 26 • phallobasc; 27 - penis. Scale: a-23;b-22,c-26.27;d- 

: e - 23. f- 25: g - 24. 




Male genilalia as figured (Figs 25 - 27). 

Length fiom tips of mandibles to lips of elytra 4.7 - 6.0 mm, to tip of pygidium 5.8 - 7.1 mm. 
Name derivation. The new species is named for my fiiend Mr. Lubes Dembicky, specialist to 
oriental Ccrambycidae. 

TV« material. Holotypus. male. NW Thailand. Mac Hong Son distt. Ban Huai Po, HV00 • 2000m, 17 21 5 1091. I 
HorSk leg.: Allotyjws. female, the same Uala, Parulypes. 5 males (] male deposited in Mustum d’Jlisicirc NaurclJe, 
Pans), the same data, all deported in my collection 

DcThit ti-NTiAL diagnosis. For diagnostic characters see thcc above key to Oriental speciess o fStenaiia. 

Stenalia indicu Sp. d. 

Slender, comparatively short and convex (Fig. 28). Black; max r//ary palpi, four basal antennal 
segments, anterior femora and tibiae, posterior femora and elytra yellow-brown to brown. Elytra 
with indistinct black bordcT and little infuscate tips. Black pigmentation may be suppressed on 
some body parts (e.g. legs, pronotum. abdomen), so that only head and terminal spurs of metatibia 
remain black. Pubescence of head, pronotum, scutellum, some parts of nieso- and metasternum 
and at the base of die first abdominal stemite silvery, that of elytra golden-grey with pronounced 
golden sutural stripe, rest of body with grey-black hairs. 

Head broadly convex, with than long (as 6 : 5). Eyes broadly oval, not emarginace against 
insertion of antennae, very finely facetted and glabrous. Temples not developed {Fig. 32) Second 
segment of maxillary palpus dilated (Fig. 29), wider than the third, terminal segment rather nar¬ 
rowly securiform, with inner angle shifted somewhat distally behind its midlcngth; palpi in fe¬ 
male very narrow. Antennae (Fig. 30) of medium length, not dilated, particular segments 
subcylindrical; segment I by one fourth longer than and nearly as wide as 2; 3 narrower and 
shone: than 2, as wide as and slightly shorter than 4; 5 conical, by one third longer and by one 
four wider than 4; each of segments 5 - 10 1.3 times longer than wide; terminal segment oblong 
oval, moderately narrowed distally, 1.8 times longer than wide and by one fourth longer than the 
preceding one. Antennae in female somewhat shorter than in male. 

Pronotum longer than wide (as 6.8 :6). flatly convex, w ith very short collar-shaped projection, 
in basal third narrowed posteriorly. Sides in lateral view strongly S-shaped. posterior angles rec¬ 
tangular. 

Scutellum minute, triangular, with silvery pubescence. 

Elytra moderately convex, almost parallel-sided in basal third and then rather strongly nar 
rowed posteriorly towards separately and narrowly rounded apex. 2.3 times longer than their 
combined width, with fine and dense rasp-like puncturation. Elytra reaching the midlength of 
penultimate abdominal segment in male, whereas covering it completely in female. 

Pygidium in male rather narrowly conical, short and broadly conical in female, rather flat and 
by one iliiid longer than hypopygium. 

Protibiae straight, not dilated, at most with very indistinct longer hairs. First segment of ante¬ 
rior tarsi swollen (Fig. 31), as wide as tibia and wider than following segments, as long as three 
following segments combined; fourth segment somewhat longer than wide, emarginate in three 
fourths of its iength. with simple onychiutn ventrally. Mesotibiae strongly curved inwards, shorter 
Ilian middle lar.si. Melalibia, besides very oblique apical ridge, with two very oblique lateral 
ridges, which are of equal length and reach to the middle of tibia width. First segment of posterior 
tarsus with three ridges (upper one mostly rudimentary), each of the second and third segments 
with one ridge. Outer terminal spur of metatibia somewhat shorter than the inner one. 

Male, genitalia as figured (Figs 33 - 35). 
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Figs 28-35. Slerwlia indica sp n (holotypus. male) 28 - general view; 29 maxillary palpus: 30 - antenna; 31 - 
anterior tarsus; 32 - eye; 33 - left and right par ami re; 34 - phallobase; 35 - penis. Scale; a - 33. b - 29. c • 30; d - 34. 35; 
e - 28; f - 31, g - 32. 


Length from ups of mandibles to ups of elytra 4 2-57 mm, to Up of pygidium 52-66 nun 
Name derivation l“hc specific name refers to country of on pin - India 

Tvw. xatcmai. Hotalypc. male. India. West Ucngaleri, Distr Darjeeling, Kalimpong, Dumry Dusty 1000m, 8 4 1991, 
N L*an<pl leg Allwypc. female. India. West Bengafcn. Distr Darjeeling, Kalimpong. Kham Busty. 900m. 25 3 1991. 
M Dangalleg .Paralyses 1 malt, the same data as Allotype. I female, India, West Beiigalen.DiMr Daijeding, Kalimpong. 
Van D an. 600m. 263 199) N Dangal ;cg . all specimens deposited in my collection 

Differential diacncsis Foi diagnosuc characters see the above key to Oriental species vlStcnuhu 


RF-PERhNCEi* 

F«AKriv«.o M 1957 Coleoptera, Mordelhdae Monograph of the South African Genera 3nd Species 1 Morphology, 
subfamily Clenidnnac and <nbc StotaJiini South African Animal Life. Lund 5; 21/7-291 
Hosak } J989 R/ocIvkyirib gen n de.« Tnhus Slenahim .ms der Oriental tfcheri Region Hn/rmo/ Abhundl 53; 37 44 
IV M 1921 Coldopccres exouques cn parlic nouveaux L Echange Mouluit 39: 1 12 
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A review nf the Chinese Aphodius species (Coleoptera: Scarabaeidae). 

Part 1: subgenus Agolius 

David KkAi. 

Department of Zoology. ChAfies University. CZ-I2R 44 Praha 2. T/fch Republic 

Received January 16 IMS accepted February 9 1995 

Published June 22 IMS 

Thxonotny raw species, nen status, new comhination, distrihntion, Colcoptera, Sc*mboeidae, Aphndias,Agoluu, 
Palaearetic region 

A bar act- Chinese and Himalayan species of Aphodtui llliger subgenus Aguhus Mnlsant & Rey are reviewed Aphodius 
(Agohusf tairn sp n is described from Sichuan and its diagnostic characters including male genualu ar.d epipharvr.x 
are illustrated A 1A ) tinr.us W Kcshantschikov slat n is rcdcscnbed mid raised to rank yl valid species distinct from 
A I A f hatnldi D Koshantschikov A (A) hnrnUIi is for the first time recorded from China (Xniiang) Chinese and 
Himalayan Agolius tpccics axe keyed 


INTRODUCTION 

The species inaugurated taxonomical history of the subgenus Agolius is Aphodius abdominal is 
Bonelli described in I812 Subgenus Agolius, established by Mulsan; & Key. 1869 for ‘fraction” 
of Acmssus MuIsant, 1842 with six species without designation of type, was subsequently re¬ 
vised by Renter (1892) who designated A mixrus A &J B Villa, 1833(= A abdommahs Bonelli, 
1812) as the type of this subgenus The classification presented in this paper, it means classifica¬ 
tion of Neugohus W Koshantschikov, 1912 as species group within subgenus Agolius, is that of 
e g Balthasar (1964) and Manani (1979) 

The submenus contains presently 18 species (cf Dellacasa 1988, PilUno 6c Bullcno 1994) 
inhabiting mostly alpine areas of Palaearctic region Most of them are at least facultatively 
saprophagmis Three species are presently known from China, the fourth species is described 
below 

Terminology concerning epipharyngeal structures was adopted from Dellacmv (I9S1) 

The following abbreviation for matenaJ depositories arc used in the text 
DKCP Czech Republic. Praha, David Krfil collection 

HNHM Hungary, Fludapca Hungarian Natural History Museum (O Merkl, G Sm!» 

MIING Switzerland. Genffve, Musdum d‘Histotrc Nature Ik (I I-obi) 

MNHN France. Pans, Musdum National d Histone Natuielle (Y Camhefort. Hi Deuve) 

NHMR Switzerland. Basel, Natnthistonsches Museum <M Brancucci) 

NMPC Czech Republic, l*raha. National Museum (Natural History) (J Jclfnek) 

RCCI’ - Czech Republic. Praha. Rod-k £«venka collection 

I dill very grateful to all above mentioned colleagues for enabling me to study material deposil-i! ir* their instiluttones 
or privat collections I am also much obliged to following fnends. who provided roc with interesting material L (icrftk 
(Olomouc), Kaiehna & B bfezma (Praha). M Kalka (Ncratovicc C’Z). J KoliWC (BrnoX J Kalab (Brno) and J Tuma 
(KostL-Icc na Hanfe, CZ) 
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Key to Agohus species known from China and Himalaya 


1 <?-> Prunotal basis completely bordered Terminal spur of protibiae in male shortened, stout and tvni down- and 

inwards Elytra yellowish brown, mostly wuh dark spots Xinjiang. Gansu 

A (A j falcHpmu W Kushan(«dukuv 

2 <l> Basal border o! prone'.am al middle broadly interrupted Terminal spur of proobiae in male simply mute Elytra 

entirely reddish brown to black without dark spots 

3 (4) FJytra <haprcerwd. nearly alutaceous Dasi metatarsite distinctly longer than upper leximral spur Female uil 

known Himalaya (Himachal Pradesh) A (A J on nut VV Krsharlsuhikov slat n 

•1 (Vj Elvira shiny, not slugiwrmd Basimciauusite equal in length or shorter than upper terminal spur 

5 (6) nasimetararsite distinctly shorter than upper terminal spur Body reddish brown with frontal nnd elytra! sutures 

clytril disc and two small irregular spots at each pronotal side darker brown Female unknown Xinjiang (Juldus 
arts f A (A) nonusfuidi Pan to comb a 

6 (J) BaMiretaorxitc equal :n length to upper terminal spur Body entirely brown to black 

7 <8) Antcnot clypeal margin approximately vubtrjncatc. not distinctly sinuate <U middle Pronotum simply, sparsely 

punctate, punctures separated hy more than twice their diameter Klytra finely setaceous iipieully and laterally 
Klytral inlervais Hat stnal punctures not crcnaung intervals margins Stemttes with long setae Xinjiang (Bomhoro 
mb > A (A) humidt L> Koshanisdukov 

8 (7) Anterior clypeal margin distinctly sinuate at middle. Punctation of pronotum double consisting of course punc 

uircs separated by about twice their diameter, mixed with rather fine or.es, separated by more or less their 
diameter Elytra entirely glabrous FJytral intervals moderately convex, slnal punctures remaikabiy denoting 
intervals margins Stem it es with short setae Female unknown Sichuan (Minshan mis) 

A (A ) takin sp n 


Aphodtus (Agohus) falnsptms W Koshantschikov, 1912 


Aphndlus (NeagnUiu)falnspuu% W Koshantschikov, 1912 517, fig 3, A Schmidt, 1922 218, Boucomonl 1929 779. 

G Ddlacasa. 1983 324-325. figs 728-732, M Dcllacasa 1988 386 

Aph/ultu* tMclinoptemi} ptillidiimttux Renter. 1887 237, nec Waterhouse. 1875 85 

Aphadius(Afit/liu*)Jaliispun* Balllia.Sar.1964 150. Manam, 1979 84. Nikolaiev & Ptirtsagdulam, 1984 145 fig II 
Rhsi-rictedtypi: iaxiai ity “lit den Bergen des Chtnestschen Turkestan'* (Dellucasa 1983) 


M*iVKti\L examinw China. Xinjiang autonomous region Osl-Turkestan. Altyn-Tagh. 1 1903. coll Hauser. 3 males in 
MHN'G. Gansu province China, Kanssu. coll R Petrovit/., I male in MHNG Mongolia Chasatyn-java Pass, A>rrulk 
Bajan-Ulgj, 48 30 N f 90* 42 E. 2580 m, 24 7 l%4, Mongolisch Deutsche BtoJog Hxpcd 1964, l female m 
IINHM, Mongolia. Central Aimak, SO son Sonion Bajanv:ogi>t. WOO m. Nr S2IM», || 6 I960 2 mala tp HNHM 
Mong 6 . Lluunbaafar r TtiT valley, 2? 6 90. horse dung, David KiAl Igr, I male tit DKCP Kazakhstan Zaysdn flake], 
coH Leonhard, I male in MHNG Russia Tuva [autonomous region], Mugur Aksu. 21 7 71. B Korotaycv [label writ 
ten in Cyrillic script]. 1 male and 2 females in KCCP 

Diagnostic characters Rather plump, light coloured species, elytra yellowish blown, mostly in 
male with dark spots, in female without these spots Head small in size, anterior ciypeaJ margin 
sublruncate, anterior angles rounded Pronotal basis completely bordered, punctation of pronotum 
double Elytral hitmen without teeth, intervals only very slightly convex, stiial punctures remark¬ 
ably crenating intervals margins Elytra microscopically setaceous apically Stcnutes shortly 
setaceous Terminal spur of prottbiac in male shortened, stout and bent down- and inwards, at 
female simple acute, under terminal spur of mesotibtae in male not shortened, basimetarsitc dis¬ 
tinctly shorter than upper terminal spur For acdcagus and eptpharynx see figures 730-732 in 
Dcllacasa (1983) 

Distribution Churn Xtcjiraig. Gansu. Qtnghai. Mongolia, Kazakhstan and southern parts of 
Siberia 
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Aphndius (A go It us) haroldi D. Koshantschikov, 189*1 


Aphadtui fA&but) hamldl D Koshantschikov, 189-1, 9R; A Schmidt, 1922: 107-108, 111; Haltl»sar. 1964 I4<TI4?. 
Mariani, 1979* S3. fi R s -16, 47, Sictwctai. 1989: 19. llgs 25-2? 

Apkadius iNtagotm*) hitwldi. Niknlajev, 1987: 113. M Dcllncoba, 1988 386; Piltinn, 1988 115. 

Tv kh locality. Ketmen - Gebirgc (Koshantschikov 1894) 

Material examined. China. Xinjiang autonomous region- China, Xinjiang. W Boro horn Shan [mts 1, Say ram lake. 
28 VII 1997. I male in 1)KCF. Kazakhs urn. Tmkf-aan. Aulltf Ala |=D 2 humUilJ. coll Reitler, 1 male ID IINI1M. SO 
Kasachstan, Kctmcnj O. - K |mte], Umg. V. Ketmenj, 2000-2500 m. W Dolm Igt, 1 male in DKCP 2 males in NH.MB. 
USSR - Kuzacta . Alma Am. Mcdco. 22 -296. 1985 Dr J Doskoiil |lgi J. 1 mule in DKCP; SSSR, Zaalij.xkV AUTiu 
|mts 1, ftmhulA. 30<)0-3400 m. I VII l'»85, Igt Ma£cb. 4 males in DKHC, SU - Kazachsian. Panfilov [=l>zhurkcnl|. 
Dxhungarskyi Alatau, 44' .Iff [N], 79" .'>0* [R|, 20 -28.6 1991,2500 m, M Kafka Igt , I male in DKCP Kirgizia Turk . 
Suvtamyr C.!cb |mts |. Kcimen-Tjubs. 6 06.. coll Hauser. 2 males in MHNG, 1 male in I1KHM; SU - Kirgizia, 
GtifcOtyevka, Kungey Alatau [mts.]. 10*70 m. 42' 50‘ [Ml, 77' )5‘ |Kt, 6-107 1991. M Kafka Igt. I nuilc ir. DKCP 
Turkestan. Reuter. 1 female in HNHM 

Diagnostic characters. Subparallcl, rather plump, dark coloured species. Dorsal surface shiny 
and glabrous except of microscopically setaceous apical and lateral part of elytra. Head small in 
size, wide semicircular, anterior clypcai margin almost not sinuate. Fronotal basis not completely 
bordered, punctation of pronotum simple. Elytral humeri without teeth. Elytra! intervals flat, 
strial punctures not crenating intervals margins. Metasternal plate shiny and glabrous with com¬ 
pletely developed medial furrow, sparsely and almost regularly punctated throughout. Sternites 
with long setae. Terminal spur of protibiae in both sexes simply acute. Lower terminal spur of 
mesotibiae in male shortened (about hall' as long as upper one) and simply acute. Basimetatarsite 
equal in length to upper terminal spur. For aedeagus and epipharynx see figures 25-27 in Stebnicka 

(1989). 

Distribution. First record from China (Xinjiang); Kazakhstan, Kirgizia. 

Aphodius (Agolius) moniisjuldi Pittino. 1988 comb. n. 

Aphndius (Neaguhus) montisjuldt Pfttmc. 1988- 113-115, figs 2. 7. 8. M Dcllacasa, 1988. 386 
Type locality. Thien-Shan, Juldus Geb. (Pittino 1988) 

Diagnostic characters. A member of.4 (Agolius) humldi group. Subparallel. ratliei plump, shiny, 
reddish brown, with frontal and cl viral sutures, elytral disc and two small irregular spots at each 
pronotal side darker brown Dorsal surface glabrous, except of posterror half of elytral sides as 
well as apical declivity with very short, scarce, inconspicuous setae. Head small in size, anterior 
clypeal margin subtruncate, slightly sinuate at middle. Basal border of pronotum at middle inter* 
mpted, punctation of pronotum simple, irregular, rather sparse, separated by about twice their 
diameter on disc; coarser and closer, separated by less than once diameter, laterally. Elytral inter¬ 
vals almost flat on disc, moderately convex basally as well as apieally. Strial punctures slightly 
crenatmg intervals margins. Metasternal plate smooth, shiny, glabrous, with complete midline 
furrow* and rather sparse punctures throughout. Sternites shagreened, with short, rccumhcnt setae. 
Terminal spur of protibiae stout, lanceolate, roundly pointed. Lower terminal spur of mesotibiae 
blunt apieally and shortened (about one third as long as upper one). Basimetatarsite slightly 
shorter than upper terminal spur Parameres with outstanding membraneous apical appendices - 
figs 7. 8 in Pittino (1988). Epipharyngeal .structure?! not studied. Female not known. 


103 



Discussion. This species has been described from a single male collected in eastern (Chinese) 
part of theTian Shan mts. Holotype is preserved in coll. Pittino and was not studied by the author. 
Diagnostic characters above were selected from original description (Pittino 1988). This species 
belongs inA (A ) hamldi species complex and can be easily distinguished by the external charac¬ 
ters used :n the above key. In addition, it is so far known only existing species of this species 
group with such Outstanding apical membranous appendices of parameres. 


Aphodius (Agolius) orinus W. Koshantschikov, 1912 stat. n. (Figs 5, 6) 


Aphi'diu* (Agohusi huntlrfi var. orfnu* W. Ko3han«scfiikov. 1912: 516-517: A. Schmidt. 1922: 112; Balthasar. 1964: 
146; Mariani. 1979: 41; Srebnicka. 19*9 19. 

Aphodius (Ntagolius) hurotdl at* orinus: M. Dellacasa. 1988: 386. 

Tyw: locality. Himalaya Gebiet. Routng Pass (Koshantschikov 1912). 

Mattrim. rxxMmm India (Himachal Pradesh pnw ) VAllee du Rotang (Himalaya), Join 1914, Babuult |i#i 1. I nude 
in MNHN. 

Diagnosis. A member of A. (Agolius) karoldi group. Rather plump, brownish coloured species. 
Dorsal surface of head and pronotum moderately shiny, glabrous. F.lytra shagreened, nearly 
afutaceous, microscopically setaceous. Head small in size, wide semicircular, anterior clypeal 
margin almost not sinuate. Pronotal basis not completely bordered, punctation of pronotum dou¬ 
ble, on disc sparse, becoming dense laterally. Elytral humeri without teeth. Elytral intervals flat, 
finely punctate, strial punctures not crenating intervals margins. Mctastcmal plate shiny, setaceous 
Laterally, with completely developed medial furrow, sparsely punctate throughout. Stemitcs with 
long setae. Terminal spur of protibiae pointed, lower terminal spur of mesotibiae shortened and 
simply pointed. Basimetatarsite longer than upper terminal spur. 

Rhdesosiption. Male. Length 6.3 mm. Subpaxaflel, rather plump. Head and pronotum shiny. Elytra 
nearly alulaceous, with microscopic setae. Colour entirely brownish. 

Head wide, semicircular, almost without anterior clypcal sinuation; clypeal margin distinctly 
upturned, sides regularly broadly rounded, slightly notched before genac. Genae rounded, ex¬ 
ceeding distinctly eyes outwards, with tuft of fine, long setae. Epistomal hump not developed, 
frontal suture distinct, with barely perceptible tubercles. Punctures of clypcal surface simple, 
coarse, dense, separated by less than their diameter. Punctation of frontal area a little finer. 

Pronotum moderately convex, scarcely narrowed anteriorly, anterior angles widely rounded 
and only slightly projecting anteriorly, sides weakly diverging over anterior third, than ulmosl 
straight, subparallel; posterior angles broadly rounded. Anterior margin and basis without border, 
lateral margin distinctly bordered, marginal furrow-prolonged hasally along posterior angle reaching 
level of elytral stria 6. Punctation of disc simple, irregular, coarse and sparse, punctures separated 
by about twice their diameter, becoming more dense basally. Lateral parts of pronotum with 
double punctation consisting of coarse, regularly distributed punctures separated by approxi¬ 
mately their diameter and mixed irregularly with distinctly finer ones. 

Scutellum triangular, longer than wide, impunctato. 

Elytra scarcely dilatatc posteriorly, widest just behind middle, without humeral teeth; striae 
distinctly impressed, srriaJ punctures fine, .separated by more than their diameter and becoming 
closer apically, not crenating intervals margins. Intervals almost llat, shagreened, almost alutaccous, 
with fine, sparse and irregularly distributed punctures; intervals I and 2 strongly narrowed apically. 
interval 3 uniformly wide over its length. 

Met asternal plate smooth, shiny, setaceous laterally, with completely developed medial fur- 



row; sparsely, nearly regularly punctate throughout. Abdominal stemites shagreened, slightly 
alutaceous. with long, hairlike setae. 

All femora shiny, with sparse and fine punctures and long, hairlike setae. Terminal spur of 
protibiae stout, pointed apically, bent ventraliy and reaching middle of protarsid 2. Lower termi¬ 
nal spur of mesotibiae shortened (about half as long as upper one) and simply pointed. Basircetarsite 
longer than upper terminal spur. 

Aedeagus as figured (I'igs *», 6). 

Epipharyngeal characters not studied. 

Female not known. 

Discussion. This spcrncs has been described by W. Koshanlsehikov (1912) as a variety of A. (A.) 
harvldi. Types (at least 2 specimens - in Koshantschikov (1912) with two different localities - 
“Rotang Pass” and “Cashmir") are probably preserved in Santa Petersburg museum and were not 
studied by the author. The above redescription is based on one male (MNHN) that is taken from 
the same locality as at least one of types. External characters including different shape of aedeagus 
confirm this taxon ro he a valid species. This opinion is indicated also in Stebnicka (1989). 


Aphodius (Agolius) takin sp. n. (Figs I - 4) 

Tvpe mattsiai Ifnlcitype - male, labelled China. Sichuan, 19 VI 1992, 50 km NFJ; Songjar, ca 3500 nv in DKCF 
Paratypc* Non 1-3 - mates- die .-arac Jala as in the holotypc (DKCP). No 4 - male, labelled China t NW Sichuan. 103. 
50 IN] / 3J 10 |E1. Mm Siam Mts . 7.500 4500 m, 14 16. 07 1990, in DKCP; No 5 - male. labelled* China. N Sichuan. 
JiuAuugou. 3100 m. 13 - 15 Jan 1992. in DKCP; No 6 - male, labelled- Sichuan. Iloaitglong. VI. 87. T Df.ivp, M 
1’cnau lg:, :n MNHN. Nos 7-12 - males, labelled China. Sichuan (Luiun). .'hcgj.shan rass. cnviions 31 50N/102 40b, 
4100-4600 m. alp meadow, rhndodandrons, 27 VI 1994. in DKCP: Nos 1.3-14 - irtiks. lalielletl Clnrti, W Sieluian. 
35.00 m. road Sabdd-Jiulong, par.? 40 km N Jiulong. 22 -23 6 1994. alpine region, hi DKCP. 

Diagnosis. Member of A. (A. ) huroldi group. Dark coloured species, dorsal surface entirely shiny 
and glabrous. Head small :n size, anterior clypcal margin distinctly sinuate, anterior clypeal an¬ 
gles rounded. Pronotal basis not completely bordered, punctation of pronotum double. ElyUul 
humeri without teeth, intervals moderately convex, strial punctures remarkably denoting inter¬ 
vals margins. Stemites shortly setaceous. Terminal spur of protibiae acute, lower terminal spur of 
me so tibiae not shortened, basimetatarsite equal in length to upper terminal spur. 

Description. Male. Length 5.8 - 6.4 mm. .Subparallcl, rather plump, moderately shiny. Colour 
blarkish-hrowii. anterior angles of pronotum, humeral, sutural and apical part of elytra and ap¬ 
pendages dark brow n to reddish-brown. Dorsal surface entirely nude. 

Head almost .semicircular, anterior clypcal margin distinctly sinuate at middle, anterior angles 
widely rounded, almost indistinctly upturned, sides regularly broadly rounded, slightly notched 
before genae: genae rounded, distinctly exceeding eyes outwards, with tuft of fine setae. Clypcal 
surface moderately depressed near anterior angles; medial frontal hump slightly developed, 
frontooccipital suture invisible; punctures simple, coarse, separated more ot less by their diame¬ 
ter. 

Pronotum moderately convex, wide subparallel, scarcely narrowed anteriorly, anterior angles 
rounded, slightly projecting anteriorly; sides weakly diverging over anterior third, than almost 
straight, subparallcl: posterior angles broadly rounded. Anterior margin and basis without border, 
lateral margins distinctly bordered, marginal furrow prolonging basally along posterior angle, 
reaching elytral stria 6. Punclation of all surface double, consisting of coarse, ratlier irregularly 
distributed punctures, separated by about twice their diameter, mixed with finer ones, separated 
by their diameter. 

Scutellum triangular, longer than wide, impunctate. 
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Elytra moderately dilatate posteriorly, widest just behind middle, without humeral teeth, striae 
distinctly impressed, stria! punctures slightly but not remarkably donating intervals margins, 
separated by about once their diameter, becoming closer near apex. Intervals moderately convex, 
with very fine and sparse punctures arranged in two longitudinal row's: intervals 1 and 2 uni- 
tormJy wide over their length, others distinctly narrowed apically. 



Figs 1-6. I.eft protihia (I). aedcagus - dorsal view (2, 5). acdcagus - lateral view (3. 6) and cpipharynx (4) of: 
Aphodius (AgollusS :akin sp. n. (1 -4) and A M.) onr.us sut. n. (5.6>. 


Metasternal plate smooth, shiny ami glabrous, with completely developed medial furrow and 
sparse irregular punctures throughout Abdominal stemites shagreened. almost opaque, with short, 
recumbent hairlike setae. 

All femora shiny very sparsely and finely punctate, and with long hair like setae along femoral 
sides. Protibiac with three wide, distinctly protruding outher teeth; apical spur simple, stout, 
acute apically, bent down- and outwards, reaching hardly middle of protarsid 2 (Fig. 1). Meso- 
and metatibiae with well developed outer transversal carinac and setae unequal in length. 
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B&simesotarsiie equal in length lo upper terminal spur, lower terminal spur simply pointed 
Basunctatarsitc equal in length to upper terminal spur and subcqual in next three melatarsites 
combined 

Aedaeagus See Figs 2. 3 

Epiphaiynx (Fig 4) Epitormu slightly scleiotized Setae of chuctopuna equal :n length, long 
and thick Acropana and chaetopedium with moderately long and thin setae Helus with short 
setae 

Female unknowu 

Affinities The new species is related to Aphodius (Agohus) harolch For the differentiation see 
the complex of diagnostic characters hi llie key above 

Circumstances The new species was collected on alpine pastures (2500 4600 ni a s I) in dung 
of domestic herbivorous animals (Bos, Equus, Ovis). paratypes Nos 7-12 were collected under 
stones 

Name derivation Takin (Budonas laxicoforV lodgson) is large herbivorous bovine animal inhabi¬ 
ting also area of this new Aphodius, noun in apposition 
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Abstract, tragmenls of elk bones, teeth and antler were determined In thirteen (13) oxchacozw'loglcal .samples from 
archaeological excavations witliin tl»e Czech Republic. Elk remains ore supposed to lie the result of local hunting by 
agricultural inhabitants Findings reveal spatial and diachronic clusters. Elk bones were found in three neolithic sites 
situated in the western half of Bohemia. Nine sites, dating between the 5th and 14th century, are scattered over agricul¬ 
tural lowlands. The largest sample is reported from a site situated in NF. Moravia (c. 2nd/lst cent. BQ. This fortified 
settlement received special status and was situated in an elevated area outside die settlement oicumena. being geo¬ 
graphically open to Poland. There is a gap in the evidence between c. 4000 BC and 150 BC, despite the fact that 
intensive hunting activities took place In the beginning of the 4th millennium. The latest evidence comes from the 14th 
century. 


INTRODUCTION 

Analyses of bones from archaeological excavations carried out over the pasl few decades 
provided numerous results. The occurrence of species, animal use and forms of domestic and 
wild animals in different time periods allow us to reconstruct their spatial distribution and dia¬ 
chronic development. These analyses thus provide valuable data for palaeozoogeographical re¬ 
constructions. Archaeozoological samples, eg. different animal parts (teeth, bones, antlers, shells, 
etc.) obtained from archaeological excavations, were deposited as a result of human activity in 
different past time periods. They arc always connected with particular archaeological cultures 
and thus are relatively precisely dated. Since the Neolithic period (after 5500 BC) the majority of 
remains are represented by the bones of domestic animals. Wild animals form only a minor part, 
indicating the additional value of hunted animals in human subsistence. The occurrence of wild 
animals in archaeological samples is influenced by a number of factors, including the following: 
- prehistoric bones mainly survive in calcareous areas (the acidic soils in the southern half of 
Bohemia lead to their rapid weathering), - r.ot all species were edible, attractive for hunting or 
easy to encounter. Human settlements were situated mostly ic the lowlands, not exceeding 300 m 
above sea level. With a few exceptions, most prehistoric cultures were not oriented towards hunt¬ 
ing Occasional hunting probably took place close to the settlements, but the size of (heir appro¬ 
priate catchment area may have varied between different seillements/cultures. and remains un¬ 
known. Hunting practices were always influenced by ritual schemes, probably differing between 
different cultures. We can expect that many taboos existed concerning the consumption of wild 
animals. Different butchery practices and taphonomic transformations may have also altered the 
numerical proportions of the identified species. Thus the distribution maps tor particular wild 
species uie always more or less biased. 
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MATERIALS A Nil METHOD 


Tho sieitlicr has c-olk-cled all evwlejicc for1 Ik* pre.««ic? of elk within archaeological samples in Bohemia and Moravia 
A critical revision of bonr fiagmeruv from published samples has Seen made, wlie.rever puteihle. table I presents a list 
of all 13 sites with b*m? sampki .xmiauilng elk remains sues are listed In diachionlc order with '.heir archaeological 
cuhtliev, the lotaf number of identified hones, tlie percentage of red deer remains fas a reJafive indicator of fuming 
activity), the number of elk remains and the minimum number of individuals which they reprc.veiii In |he Iasi two 
columns anatomical detcnumaiirais *s well as the information source (including unpublished data) are presented In the 
case of die site of Staid Koufiin, i« «Meolr>£ical material was destroyed and a te analysis of the data is (hus impossible 

RHSU1.1S AND DISCUSSION 

Litrie archaeozoological evidence is available for the Mesolithic period ‘8000-5500 BC) in the 
Czech Republic. From the N'eolithic period, wild animals generally form less than KX* (mostly 
only 1 to 5%) of total counts in bone samples from Central Europe. There is principally only one 
longer period (Fate Neoiithie/Early l-neolithic, c. 40(10-3500 BC) where really huge percentage 
of hunted animals occur. Similar proportions ate also reported as an exception from a few sites in 
Other prehistoric cultures. 



Years BC / AD 

Fig. 1 llppei jt>apb sherds eMimaicd relative intensity of hunting activity (In 8 classes based on red d&er evidence) 
since the Nculkhic The lower pan shows the approximate time distribution of elk remains 


Traditional hunted mammals, similar to those known from the Middle Ages, such as red deer, 
roe deer, boar, hare and Cialliform birds, dominate the overall percentage of wild animals on all 
sites in Central Europe. Aurochs (Bos primigenius), bear (Ursus arcios), beaver (Castor fiber) 
and other fur animals were less frequent. The most rarely hunted mammals in the samples were 
wolf (Cants lupus), lynx (Lynx lynx), European bison (Bison bonasus), wild equids (Lquus ,sp. v 
Asians hytlrurUinus) and elk (Alecs dices). 

Sites with evidence of elk form two separate groups according lo both temporal as well as 
spatial dimensions. Through time (Fig. 1, lower part) there is clear evidence for elk hunting in the 
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Table I Sues wish evidence of elk (Aires alces) In columns archaeological Culture, name of silo (used in archaeo¬ 
logical literature), number of cun text with A a , total sum of determined bones, percentage of red deer finds, number of 
A a finds, minimum number of A a individuals, anatomical part, source (m - various »itev r. - research report id archive 
of Arsh Inst Prague p - Pc«kc in prep . I - PeSke 1987. 2 Ciimtf et al 1981. 3 - Kraiochvil 1969, 4 Novotny 1966. 
5 - PcSkc 1986. 6 - HuL'kovii 19561 and number in Fig 2 


Culture 

! period) 

Site 

(parish) 

Context No Bone sum 
(phase) n 


Elk 

Anatomical part 

n 

B 

No 

Neolithic I-nK 

Chotdbudice 


957 


I/I 

Humerus (list 

i 

63 

Neolithic SiK 

Kopisly 

392/70-1 

t 


2/1 

Mtc piox sin 

Mtrdist (-2yr J 

n 

62 

Neolithic 

Kfimice 

44/74 

t 


2/1 

Radius pro* dex 

Radius dist de* 


25 

Enrolithic 

various sites 


+5000 

180 

0 




B:on<te 

various sites 


♦15000 

07 

0 


m 


Hallstatt 

various sites 


+ 10000 


0 


ir. 


laTene 

Po?aha 

(Kojet(n) 


3405 

170 

9/3 

Molar, 2*Humems dist 
Radius. 2xTibia dist 
Mtpfr.Ptil. PIill 


39 

Migration 

Holuhice 


bunal 


1/0 

Comu 



Early Slav 

Btehovice 

28/68 

i 

7 

1/1 

M3 inf sin 


P 

Slav 

Pohansko 


19250 

06 

1/1 

Phi 

3 

37 

Slav 

Sara Kouhm 

(9-IOth c) 

7 


+ 


4 

22 

EarJy Medieval 

Vy$eJ»T»d 

344/31 

892 

D 

2/1 

Phi. FWII 

n 

P 

Early Medieval 

Kouhm 

147/69 

345/70 

409/70 

610/70 

3659 


7/1 

Mtpl 

Molar, PtiII 

Mdb with M3. Mdb fr 
Comu fr 

Ulna 

5 

22 

Early Medieval 

Hradsko 

438/72 

2883 


1/t 

Mtpl (anefacl) 

5 

15 

Early Medieval 

Budci 

377/77 

21205 

03 

1/1 

Phli 

5 

8 

Medieval 

I.ihice 

(14th c) 

7 

7 

I/I 

’> 


26 


Neolithic, but not at all in the beginning of the lineohthic, a period well known tor its intensive 
hunting activity (see for comparison the figures for the Eneolithic, as well as Bronze and Hal I stall 
pc nods in table 1 and the upper curve in Fig 1) The second and mam group covers mainly the 
period of about one thousand years between 400-1300 AI) 
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Numerous finds from the la Tene site of PoJaha (c. 150-40 BC), however, are worthy of spe¬ 
cial comment. They come from a different environment and remote area. The fortified site of 
Pozaha (510 m above sea level) lies far away to the NE, to the outside of the “old settlement 
oicumena", in the foothills of the Moravian-Sile&ian Bcskydy Mts (see Fig. 2). This area is geo¬ 
graphically open to the Polish lowlands and forms an important communication corridor via the 
Moravian Gate. 



Fig 2 Map of the Czech Republic with bone samples analysed and published <or in prep > Sites in boxes contained 
elk bones (squared - Neolithic, circle - about 1000 BC) Site numbers I Bilira (Tcplice distnet). 2 Hlazint (Louny), 3 
Bralrorucc (Kladno). 4 Brr.oBystrc.5 BfcSfany(Tcplice). 6. Btczno(Loony), 7 Bte?anky(Tep)ice), 8 BudeC(KJadno). 
9 Bylanw(KutndHora), 10 Cerhemce (Kolin). 11 CerooSice(Praha-west) 12 Dolm'Bte&iny (Praha-west). 13 Holutr.ce 
(VySkov), 14 Homolka (Stchcldeves) (Kladno). 15. Hradsko (Mfilnik). 16 Jeniiflv Cj«d (Most). 17 Jcn?leja (Prague- 
cast). 19 Jezefany-MarStmcc (Znojmo). 20 Klidany (i*rague east), 22 Kouhm - Stari and Si Kliment (Koli'n). 23 
Kozarovice (Pribram). 24 KraSov (Plzeft-north), 25 Khmice (Pl«fi>. 26 Lihice n/Cidlinou (Nymburk), 27 LiKice n/ 
Vltavou (Prague west). 28. Lufcice (Chomutov), 29 Makotfa^y {Kladno). 30 Maid Hradisko tProstdjov), 31 Mkkojedy 
(MSnik), 32 Most (Most). 33. MSedcd Zehrovice (Kladno), .34 Muiov (Bfeclav), 35 Novd Dvory (Kutnd Hot?), 36 
Ofcch 1 Prague-west). 37. Pohansko (Bfcclav), 38 PofiCany (Nymiwrk). 39 Poiaha - Jifima (Nov>' JcCtn), 40 Ptosciicc 
(Tepllce). 41 Radowsice (Teplice). 42. Rftdovesnice (Kolfn), 4.3 Roztoky by Prague (Prague-weM), 44 Slrtnskd skfllil 
(Hmo), 45 Sekanka (Pragur.-v.est), 46 Sezimovo Ust/ (TAbor), 47 Start Liskovec (Brr.o). 48 Sakvice-Strpnicky 
(Bfcclav). 49 Tclln (Bcroun). 50 RScUce-Kyjovice (Znojino). 51 Ifebcscovicc CNymburk). 52 Tudiumdhcc (Prag-jc- 
wesO, 53 Tuthlovice(Kladno), 54 Velkd Hostfradky (Bfeclav), 55. V^sloniceGale (Bfecbv), 5f» Vikletiee (Chomutov), 
57 Vbchov (Plzeil). 58 V ran y (Loony). 59 Spl&Oc by Mikulovke (Chomutov). 60 Zdvist (Prague west) 61 Zvffeiice 
- BSId (Mladd Boleslav) 62 Kopi.My (Most), 63 C'liOtfibudice (Chomutov). I* PRAGUE - Baba (Prague 6). Hie ho vice 
(P 10). Cimice IP 8). Horn! Podeimc- (P 9), Hostivaf (P 10). iriVJivice (P fi). Iilska ul (P 1) Kobyl.sy (P 8). Maid 
Ohrada (P 5). Micnlc (P 4). Prague Castle (P 1). VySchrad (P 3) 

The geographical distribution of sites yielding elk material :n (he Czech Republic is far from 
regular (Fig 2) All three Neolithic sites are situated in the western part of Bohemia, despite the 
fact, dial large bone samples of the same period were even analysed from (he lowlands of south¬ 
ern Moravia and central Bohemia. 

This is in contrast with later evidence, i.e. that dated to between 400-1300 AD, which is scat- 
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tered throughout the lowlands of the settlement oicumena This may reflect the expected prefer¬ 
ence of tins species for lowland wetlands and it is in accordance with die pattern of the present 
day migration (KokeS 1965, Bnedermann 1971. Andfra & Koke* 1978) and development of its 
range (Andieska 1988) Tlie last evidence in archacozoologicai records comes from the I4tb 
century 

Only in a single case was the presence of elk determined on die basis of an antler specimen 
Tins was a ritual offering in a human burial from a site located in central Moravia (Holubice) 
Antlers from settlement features are always fragmented and thus species determination is often 
a problem Antlers provided valuable raw material for die manufacture of tools and their occur¬ 
rence m samples seems to be under represented 

An analysis of age structure data does not confirm the presence of very young animals Only 
one bone was unfused, i c from an individual younger diun c 2 5 years All other bones were 
fully fused, representing adult animals, certainly older than two years One bone represents an 
individual certainly older than C 4 years and four teeth (two M3) with medium wear were from 
adult anunals 

Elk remains from adjacent countries (eg. Poland) were not available for comparison Data 
from the southern regions of the former East Germany (Muller 1966) supports die occurrence of 
eik in the early Middle Ages In that period, the range of the species probably did not reach the 
left bank of the Elbe river 

Bridault (1992) has studied the Mesolithic status of elk in Europe (between 10 000 BC to 3000 
BC in Scandinavia) She stated that the extension of the range of elk from southern to northern 
Europe took place during the period of die Allerod climatic ainelioration Elk became very im¬ 
portant m the Mesolithic cultures of Scandinavia Its marked decline there was connected with 
the process of transition towards closed forests during the Boreal On Zealand island (east Den¬ 
mark). elk disappeared at the beginning of the Alantic period Jn areas located to the south of the 
Baltic sea. in a belt from ihe Ukraine to England, elk remains were only occasionally found in 
Prc-Boreal and Botcnl deposits It is supposed dia; small elk populations suivived in certain 
isolated areas within these regions Our Neolithic records may represent the presence of such 
declining populations during the Boreal and Adamic periods 

Despite die fact that the studied elk remains result from an intentional selection from an un¬ 
known area around settlements, archaeozoological material supports the opinion that elk was in 
some Holocene periods (especially in die ease of later evidence, about 1000 AD) a stable member 
of our fauna Its occurrence was probably not permanent throughout the Holocene It is always, 
of course, a danger to overestimate missing data, especially in die case of very' rare events, but it 
seems dial for several thousand years the lowlands were not occupied by this species The later 
occurrence of elk has a more similar distribution pattern to those described by Bnedermann 
(op tit 9) for its modern expansion 
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Protapharura unari sp. n. (Collembola: Onychhiridae) from the Tatra National Park 

(Slovak Republic) 
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Taxonomy, ecology, soil meeofjiinu, CoHeniholu, Onychiuridne. Prvtuphvmra unari sp.n., Slovakia 

Abstract. A Ite* specks of CoJIcmbol^ Proiuptwrura unari spji. from ihc western parr of ihc Tatra National Park l.< 
described ll is a eudominsnt, eurdaphlc species in snoie alpine ecosystems on gianila bedltfck. 


INTRODUCTION 

A new eudominanl and cons Ian I eucdaphic species of Protaphvrura Absolon, 1901 was dis¬ 
covered during lone term ecological studies of alpine, subaLpine and mountain forest ecosystems 
in ihc western pan of ihc Tatra National Park, Slovak Republic (Rmek 1993). It is herein de¬ 
scribed. 


Prvlaphorura unari sp. n. (Figs 1 - 3) 

Diagnosis. 1.7 mm long, white. Dorsal pseudocellar formula: 331023133342. anapleuriie I, II and 
III and ventral side of head with 1 pseudocclla on each side. Chaeiotaxy of pronotum i3-, ab¬ 
dominal tergices without chaeta s’, 2*2 dorsal microchaetae or. abdominal tergite VI in from of 
anal spines in two parallel rows. Claw' without teeth Both sexes known. 

Description (holotype). Body 1.7 mm long and 0.5 mm wide. Colour white. Granulation on the 
whole body relatively fine, most coarse frontally on head dorsum and on lateral parts of meso- 
and mela-notum, where granules reach I - 1.5 pm in diameter. Macrochaetac well differentiated 
(Figs 1A-D). 65-90 pm long, longest macrochaetac on abdominal tergites V and VI (Figs 3C-D). 
Sensillae (s) charactcristiculiy blunt, slightly thickened and curved, 23-25 pm long, occur among 
common chaetae (Figs 1 A-D). 2+2 of these sensillae occur on the hind part of head (Fig. I A) and 
on mesonotum up to abdominal tergite V (Figs IB-D, 3C). Sensilla s' missing on abdominal 
tergites. Chaetotaxy of pronotum i3-. Meso- and mela-notum laterally with microsensilla s' in a 
small pit (Fig 2C). M:s on abdominal tergite V as 70:23 pm. 2+2 dorsal microchaetae (a l and pi) 
in front of anal spines inserted in two parallel row-s, unpaired chaeta ko (kx in Pomorski 1990) 
missing (Fig. 3D). 

Chaetotaxy of pro-, meso- and mela-siemum 1,1,2. Pseudocelii circular. 7-8 pm in diameter. 
Pseudocellar formula: 331023133342, anaplcuritc I, II and III and ventral side of head with one 
pscudocella on each side. 

Antennae with head ratio as 270 : 300 pm. Antennal segment IV (Fig. 2A) with thin sensillae. 
Antennal organ III (Figs 2A. B) consists of two granulated, slightly curved sensory clubs of equal 
size { 10 urn), two smooth, 6 pm long sensory rods between them, five finger-like protecting 
papillae and five protecting chaetae. One microsensilla near the base of ventral (fifth) protecting 
chaeta and another one above it in basal third of antennal segment IV (Fig. 2A). 

Postantennal organ (Fig. 3B) 30 pm long and 15 pm wide. It consists of 33 simple vesicles. 




Rg ! Proiuphorura unari spat, A - dorsal chaeioiaxy of head (left side), B • chaetotaxy of Icfi side do pro- and 
meso-noium. C - chaemcaxy of left side of meui-notum and abdominal tergite I, D - chactouuy of left side of abdominal 
lergiws DI-IV. Scale: A-D 50 pm. 


Claws 50 pm long, without teeth (Fig. 2D). Empodial appendage 38 pm long, with long bristle 
and without inner lamella {Fig. 2D). Clavate obiotarsal lenenl hairs missing (Fig. 2D). 

Ventral Cube with 9-10 chaetae on each side. Rest of i'urca with (wo microchaetae. Male 
genital papilla covered with many microchaetae (Fig. 3A). Ana! spines 35 pm long and 23 pm in 
diameter a*, base (Figs 3A, D). 
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Fig 2 Pmtaphnrura unan spn. A - dorsal side of antennal segments IIJ-IV, B - antennal organ HI (protecting 
papillae and chaetae drawn partly), C - chactotaxy of lateral part of metanorjm. D - tibiotarsus and daw HI Scales A.D 
30 pin. B,C. 20 pm 


Affinities. The new species is related to Protaphorura subarmata (Gisin, 1957) and P nemorata 
(Gisin, 1952). It has the same chactotaxy of pronotum (i3-), abdominal tergite VI (insertions of 
2+2 dorsal microchaetae in front of anal spines forming two parallel lines) and s' missing on 
abdominal tergites as in P. subarmata, but on abdominal tergite V there arc 2+2 pseudocelli in the 
sp. nov. {3+3 in P. subarmata). In the case of P. nemorata the pscudocellar formula is the same as 
in the new species, but the chaetotaxy is different. P. nemorata bears the m chaeta on pronotum 
(i3m) and the dorsal microchaetae on abdominal tergile VI in front of anal spines arc arranged in 
two convergent rows. 

HoLOTvre lemale No 7.7 1992/B - *4 and 50 paraivpes in the au:hor’s collection in the Institute of Soil Biology. 
Academy ol Sciences of the Grech Republic. fesJce Buddjovice. 

[.ecus typicls. Slovak Republic. Tatra National Park, Toinanova Dohna Valley, N slope of the 
Polska Toinanova, Fereiiny, in the western gully, 1760 m ASL, in ecosystem with the plant com¬ 
munity Calamagrostetum villosae Szaf.. Pawl, et Kulcz. 1923, soil type alpine mull-like ranker 
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fig 3 I’rotaphorura unan sp n . A ve.ilr.il cluictotaxy of hind abdominal segments and male genital papilla, B - 
postantemial organ, C chaewlaxy Around psenrfocelii on .ihdomin.d tergitc V, D dorsal ch.ieiotaxy of abdominal 
segment VI Scales A,C,13 5t) pm, B 20 pm 


on granue. in soil samples. 7 Vu 1992 224 specimens, J Rusck leg 

Fi'BTvno ir--Ai.rnf*; .vs Incus lyptcus, but cay of Tomanovc Sedlo Pass, 1592 m ASI . on moist places near swampy 
nrraniiflts of U former alpme lake :n soil samples from she plant community Hygrowdelum uncm (Wall m |WJ ct 
al 192ft) Km; 1934 22 Vi 1977 SO specimens, 11 Vn 1990 specimens. 2 (• iX 1990 21 specimens -I Rusek leg , - as 
locus typicus, but cast of Tomanove Scdlo Pass, 1593 m ASL near swampy remnants of u former sdpsnc lake, in soil 
samples from the plant community ljt{u(e(um vpaificeae tantrum {Szaf e*. al 1027) R; Isl 19*0, 22 Vi l'/T7 434 
spcomens.l I Vn 1990 one specimen, 2h iX 1990 10 specimens. J Rusek leg , - as locus typicus. but on the northern 

118 



slot* of Polska Tumanova. 1660 in ASL. in soil samples from llie plum community Vaccbunum myrtUU subalptnum 
(SMf et al. I92Y1 Sin. 19.VI, 22 V. 1977 78 specimens.! I Vii 1990 five specimens. J Rusek leg 


Dcrivatio nominis. The new species is devoted to my friend, plan! ecologist Dr Jih' Unar. Mas ary k 
University at Brno. He has studied extensively the plant communities of the To man ova Dolma 
Valley where the new species was discovered. 
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Distribution, biology, harrafulrteu, control, Ceadomynriae, Dipt era, Serbia 

Ahilnd, The Nnuitic species Dajtneura glediicbur (Ustco Sacken, 1866) causing gaJli on the Jeallcis of Gledtma 
mcna/uk-t I. is recorded for the first time in Serbia The biology, hormfulness and control were, studied during t993- 
1994 ir. tnah in the vicinity ol Belgrade Several overlap pi r.g generations have been recorded a year Considerable 
damage provoking early defoliation of terminal puils of host plant was recorded and methods of control arc discussed 


INTRODUCTION 

The honcyloctist. Gieditsia tnacanihos L (Fabaceae, Leguminosae) is a native of subtropical 
North America ft was introduced into Europe at the beginning of the 18th century In Yugoslavia 
it may often be. seen as an ornamental shrub :n parks, along paths and in gardens from the Adriatic 
coast deep into Ihe continental part (inland) ll is mostly used to form hedge-rows (JosifoviC 
1972), because of its hard thorns and the fact that it can be cut and has low demands during its 
growth 

The gall midge species causing the pod-like leaf galls on Gleditsia tnacanihos was desenbed 
bul very briefly under the name Cectdomytagleditchiae by Ostcn Sacken tn 1866. from the type- 
locality Newport (R I, New England, USA) Very soon D gleditchiae was recorded at many 
localities in the western parts of the United States (Felt 1915, Barnes 1951) 

Gagne (1989) mentioned D gleditchiae in his book about the plant-feeding gall midges of 
North America and gave figures of a iarva, pupa, male and female (total view's) He reported that 
this species may hove five to seven generations a year in North America and that the repeated 
defoliation can cause Ihe death of small branches. According to his information, D gleditchiae is 
widespread in North America and it was probably spread to the west coast with nursery stock 

Galls of D gleditchiae were found in 1976 in western Europe, in the Netherlands (Nijveldt 
1980) and several years later, :n 1980, in southern Europe, near Como, northern Italy, in gardens 
on plants which were imported from the Netherlands (Bole h;-Seri m & Volonte 1985) Based on 
these data. D gleditchiae was included in the Catalogue of the Palaearcnc Diptera (Skuhravi 
1986) 

Halstead (1992) reported that this species has also been present in the UK since the early 
1980s and has been recorded at a number of localities in southern England 


MATERIAL AND METHODS 

TJ» pcxJ-Iike leaf galls caused by larvae of ihii gaJl nudge were found al several locajities in Serbia, viz Beograd 
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(Belgrade). Zcniun. Sreimfci KiiHuvci, Srixibian and Zivnjunm Juri:i£ lbs yean !<£)* Malformed loaves from Jin* 
lop branches were sampled 10 determine the gaU maker The life cycle. harmfiJiiKS and possibility of control were 
studied both in the field cod under laboratory conditions 


RESULTS 

The galls on the leaflets of Glcdirsia triacanthos L. observed in 1993 for the first time in 
Serbia are induced by the Ncarctic .species Dasineum glediwhiae. 


Morphology 

Adults of D. gteditchiae arc black grayish in colour, males are 1.8-2.3 m:n, females 2 2-2.5 
ami long, antennae in both sexes 2*12 segmented. Flagelloineres in male with stems, in females 
without stems; maxillary palps four-segmented. Claws hear a minute tooth at the base; empodium 
longer than claws. Three vertical gray stripes are located on the dorsal part of the thorax, the 



Pig I Dn.it/ieura cieduchia*. morphological characters of adults <1-8* and of larva <9-11) 3 male nrm:nalia. 2 
terminal part of ovipositor 3 end pan of the leg. <* terminal ftageMomcn* of male. 5 the fifth nagellomerc of male: 6 
terminal flagellumere of female, 7 the fifth flagellnmer* of female; 9, maxillary palpus; 9 spatula str.ni.-dis', 10 anal 
segnrm with terminal papillae 

middle one being considerably shorter. A number of large bristles is straggled over the stupes. 
Horizontal black stripes can be seen on the abdomen which is orange coloured in mature females. 
Long pale bristles are distinguished on fhe rear of tlie tergites. Detailed morphological characters 
of male and female are given in Fig. L. 
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Eggs arc re<i in colour, cylindrical. approximately 0.2 mm in length. The chorion i$ smooth. 

Young hatched larvae arc transparent and about 0.3 mm long. Fully grown larvae are white or 
pale orange in colour and 2,0 2.5 mm long. Their spatula sternalis has a bilobed anterior part on 
the ventral side of the prothoracic segment. On the anal segment there are four pairs of papillae 
bearing short setae. Larvae of D. gletliteliiae have a relatively simple digestive system which is 
typical of plant-feeding gall midges (sec Fig. 2.). 

Pupae arc dark orange in colour, with black head und alar theca, approximately 2 mm long. 

Galls on leaflets of Gleditsia iriacanthos are pod-like, green to purple in colour and vary' in 
size depending on the age of the attacked leaf (Fig. 2.). Gall length ranges from 4 to 15 mm. The 
gall mainly comprises a whole leailet which is folded along the main nerve, with the fissure 
between the bent parts and numerous hairs shown on a horizontal section of a gall. When the 
older leaflet is attacked, the gall comprises only a minor pan of the leaf surface.. Flower- or berry- 
like galls are formed on the young top leaves attacked. 
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Fig 2. Dasmeura gleditchiae: I digesnve system of larva with large salivary glands (sg) and alimentary canal 
divided into oesophagus (oe), mesenteron (me), proctodeum (pr). rectum (re), with a pair of Malpighian tubules (Ml); 2 
galls of various shape (h, c, d) caased by larvae on leaflets of Gledtism macmlhos, in contrast io normal developed 
leaflet (a); cross-section of one gall (c). 


Biology 

Fully grown larvae hibernate in cocoons either in galls that have fallen off or outside, in the 
surface layer of the soil. First emerged adults were observed in early spring, on the 2nd April, 
1994. ul Belgrade. Females laid their eggs in large numbers in the middle of April. Adults emerged 
in the morning with maximum between 7-9 a.m. Proterandry was confirmed. In the course of a 
year (he relation of the number of females and moles varied. In the population at the beginning 
the males predominate (2 males: I female). latcT the number changed in favour of females anti in 
autumn the males were rare (1 mule : 4 females). Females laid their eggs on the leaf petiole or 
inserted them on young leaves. Eggs were laid in uneven batches and their number amounted to 
a couple of hundred per leaf. 
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The hatched larvae moved towards the edge of the young unopened leaves so the leaves at¬ 
tacked did not open at all. Leaf walls thickened and turned into a pod-like galls. The iiumbci ol' 
larvae in the galls ranged from one to five, mostly two or three larvae in one gall were observed. 
Larvae were arranged next to each other in separate depressions in die gall wall. Sometimes a 
cobwcb-like screen was noticed between larvae. 

in most cases pupation lakes place in the galls. Prior to eelosion the pupae moved to the edge 
of the gall and sometimes one half of their body was sticking out from the opening of the gall 
Exuviae of pupae were commonly seen upon the galls for some time. A smaller pan of fully 
grown larvae leave galls during the growing season and drop to the soil where they hibernate in 
the upper surface. 

Both white and orange coloured larvae occur in galls but seem to he identical from the mor¬ 
phological point of view. Whitish larvae predominated in populations until the middle of the 
growing period and orange coloured larvae were numerous from mid-summer onwards Prob¬ 
ably die changes in die colouration may be connected with biochemical processes in host plant 
tissues at the beginning of autumn 

Egg development lasts 3 to 4 days, larval development 10 to 14 days and the pupil stage 17 to 
25 days. Total development of one generation may last usually 17 to 25 days but up to 43 days. D. 
gleditchiae has several overlapping, insufficiently distinctly separated generations a year in Ser¬ 
bia All stages (adults, eggs, larvae, pupae) may occur at the same time during one growing 
season from April up to November. In 1993 the last emerged adult was recorded a: the beginning 
of November. At lower temperatures the larvae have been observed to spin a dense cobweb coal 
in the gall before hibernation. During the year a number of larvae leave galls and produce fine 
cocoons in the upper surface layers of the soil and hibernate there. No emergence of adults was 
recorded from larvae which had left galls during 1993 and 1994.These larvae were, however, slill 
alive. This confirms the polymodal development of D. gleditchiae. 


Harmfulness 

Hie leaflets of Gleditsia triacanthos which had been attacked by larvae of D. gleditchiae turn 
into pod-like formations, the galls, which are variously coloured from green to purple. After 
larvae have finished feeding, the leaflets die and fall off. Heavy attack causes mostly leafless top 
branches and results in considerable damage. There is no doubt that the early defoliation affects 
all life processes of attacked plants. Such plants lose their decorative purpose. However, damage 
is compensated for with progressive growth of plants which form new leaves. 

As a control measure we suggest cutting and burning of attacked branches of honeylooust 
which is environmentally friendly regardful. 

Distribution 

Dasineura gleditchiae is a native Nearctic species widespread in North America. It has been 
introduced into Europe probably by transmission with small green plants (nursery stocks) Galls 
of D. gleditchiae were first observed in Europe in 1976 in the Netherlands, in 1980 in northern 
Italy and in the 1980s in England. 

D. gleditchiae was recorded in several localities in Serbia during 1993-1994. It is the fourth 
country occurrence in Europe. In June 1994, D. gleditchiae Caused considerable damages on 
honey locust in Zemun, Serbia. Most top branches were quite without leaflets. 

At present, D. gleditchiae occupies a large distribution urea in North America between 30 to 
45 degrees of the northern latitude, and in Europe between 40 to 50 degrees of the nothern lari- 
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tude (Fig 3.). From the point of view of composition of fauna. D. gleditchiae is an introduced 
species of the gall midge fauna of the Palaearctic Region 



Ftp "V The native distribution of Oasincura gleditchiae hi North America and its occurrence In several countries of 
Turope (A), detailed occurrence in Serbia during period I99.V 1994 (B). 


SUMMARY 

The Nearctic gall midge species Dasincura gleditchiae causing galls on the leaflets of Gleditchia 
trinranthos was recorded for the first time in Serbia. Jt is the found country record in Europe. The 
short description of morphological characters of adults, eggs, larvae and pupae together with 
descriptions of galls is given. 'Ihe biology, harmfii Iness and control were studied during 1993-1994 
in trials in the vicinity of Belgrade. The embryonic development in eggs lasts 3-4, larval develop¬ 
ment 10-14 and pupal stage 17-25 days. 

Total development lasts mostly 17-25 days but up to 43 days. Several overlapping generations 
develop a year. Considerable damage causing early defoliation of terminal parts of Ihe host plain 
were recorded which has a negative affect on ail life processes and reduces the decorative pur 
pose of this ornamental shrub. The best measure against this pest is cutting and burning attacked 
branches. D. gleditchiae is a native Nearctic species which was accidentally introduced into Eu¬ 
rope, probably with small young plants (nursery stocks). 
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Ecology, fecundity, water reservoirs, StLwtedion luaoperea, Bulgaria 

Abstract, fn ibis study we critically survey five methods of comparative studies >>f fish fecundity which have been most 
often used in studies described m East-Kuropcan literature We suggest a way which is more precise and suitable for tins 
purpose (exemplified by an example of 10 populations of pikeperch covering their natural range), and, on this basis, wc 
try to reveal certain peculiarities and regularities m the intcrpopulalion sanation in pikeperch fecundity 


INTRODUCTION 

No data on the reproductive biology of pikeperch in the water bodies of Bulgaria are available 
in the literature form, as they are too scarce for the entire Balkan Peninsula The main studies 
were earned out in two reservoirs which differ strongly in ecological characteristics. The ob¬ 
tained results were compared with similar ones from other water bodies 


MATERIAL AND METHODS 

The material wa? collected from OvCantsa Dam (South Bulgaria) and Batak Dam (the Rhodopes) OvCantsa Dam is 
o cooling reservoir of a termo-electric power station Water is pumped from the reservoir to cool the turbines, and then 
relumed to the reservoir The reservoir is at an altitude of 170 m, has an area of 600 ha. and an average depth of 5 - 6 in 
The mean annual temperature is 16 2C Mean monthly values for January and August are 6 TC and 25 6f. respec¬ 
tively Buiuk Dan: is a mountain lesetvoir (1100 in alt) with an area ol 2 10? hu. an average depth of 14 5 m, a mean 
annual temperature of 11 %‘C and mean monthly temperatures for January and August of l"C, and 19 S'T respectively 
The material was collected dunng the period from 1981 to 1986 The standard length CL) and weight (<*) of fish 
Without Lhejr viscera, were measured The age was determined from scales Tin* absolute individual fecundity (i c, the 
number of rrady-to-spawn egg* in one individual) was determined gravimetrically For this purpose, the material was 
collected m February-March (from Uutak Dam - to April) when fish gonads were :n their final, fifth stage of maturity 
(according to the Nikolskiy 11974) scale) The average absolute fecundity (F) (i e. tin- average number of eggs from 
individuals of a certain size, weight, or age group (Bryltnska and Brylinsky 1974, Spanovxkaia and Grigoris 1976), 
wa« used for :hc correlation-regression analysis ol the relationships between fecundity, length and weight, of pikeperch 
hot clmusnig the most appropriate functions to describe these relationships, then dispersions were used (I)=J3<F h i 1 , 
where F,arc the theoretically calculated average values of fecundity, and F - arc their corresponding empirical values 
(Iscpctlieva, 3968) This analysis was also accompanied by values lor the coefficient of deternu notion <r) 

Relative fecundity (RF) wfts computed as an index F/G (Spanovskaja, 1976) Tlieif coefficient b (or b in %) from the 
equation T a-fhfi was also used as a relative fecundity (Zotm. 1961, 1968. Zivkov. 1983) The Ivlev (1953) model 
(PF - kL phi [lp/(l-m)l/J00 X pt, was used in studying population fecundity In Hus model, k is the number of 
spawnings per annum, l is ape in year*, t’ is the age of maturity, t" is the age at which reproduction ceases (this was the 
maximum age of the fish collected), p is the relative number of individuals of each age-group (ir. 'fc>. f is (he relative 
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number of females in age-group (in %). F is the average absolute fecundity for each age group, and m is the relative 
number of male.' in each age group 

The index of relative population fecundity, was determined through the Nikrlskiy (1974) method PF = average 
lecundity of one tcnmlc'avernge age of one female, i e liter average lecunilliy of 1 (100. 1000) female (S) with a 
pairiculflr age structure of the spawning population 

Population reproduction rale (V ). i e the number of females created by one mature female for a period of one year, 
wns determined by lbs Pt'ljalov (lv?l) method V f = J)V ( P./I(KI. win-re V = ".‘SF » I he overage parameter cl the repro¬ 
duction of a female which spawns for the first lime at the age of t. and has absolute average fecundity F eggs S u> the 
percentage of females in » population, t’ is the year of the first spawning of the females which have matured earliest, t” 
is the year of the fust spawning of the females winch liave matured last, P ( is the percentage of females which spawn Hw 
the first tirw at the age of t Published empirical data on eight ot1«*r wwer bodies were used for comparison, ami for the 
correlation and regression analysis of the increase of pikeperch fecundity with length and weight These water bodies 
were Vcrhrte-Umlskue Reservoir. Russia (Perminov 1975). the (jlilf of Finland fllcnkova, 1974). tlic Uull of KyurJiyu- 
Mares, Lithuania (Virtue Las ct al. 1974), the Delia of the Danube (Kukuradze, 1*9*5). Oiava Darn. Slovakia (Basil. 
1970), Tsimlyanskoc Reservoir. Ukraine (Koval. 1980), Lake Ilmen, Russia (Fyodorova 1975), and Gorkovxkoe Res¬ 
ervoir. Russia (Turanovn, 1970) 


Table I Changes of absolute fecundity in different length classes of pikeperch in Batak Dam, N number of fish 


Length 

class. 

mra 

Average 
length 
(L), mm 


Absolute fecundity 

F, M eggs 


N 

Range 


Average 

281 - 320 

308 

26 890 

83 290 

4? 290 

3 

321 340 

335 

30 238 

54 828 

46 630 

4 

341 - 360 

352 

25 669 

143 207 

95 909 

9 

361 380 

371 

105 870 

185 344 

134 799 

5 

381 • 420 

409 

210 891 

- 271 296 

231 405 

3 

421 - 440 

432 

233 290 

• 305 993 

275 03! 

4 

-Ml 480 

465 

284 391 

- 615 799 

430 308 

4 

481 • 500 

496 

319 292 

585 860 

478 432 

6 

501 520 

512 

406 456 

- 746 011 

522 077 

9 

521 - 540 

53! 

488 347 

850 532 

652 154 

10 

541 560 

549 

651 053 

687 838 

666 846 

3 

661 • 700 

682 

1 187 626 

1 340477 

1 264 052 

2 


RESULTS 


1. Absolute fecundity 

The absolute fecundity of pikeperch in Batak Darn, varies from 25,669 up to 1.340.477 eggs 
(Table 1), with minimum and maximum sizes, weights, and ages 308 mm, 275 g, 2 years and 685 
mm, 4, 350 g, 6 years, respectively The weighted average fecundity of the whole populations, 
was 404. 376 eggs The absolute fecundity of pikeperch in the cooling reservoir of OvEaritsa, 
varies from 18. 392 up to 2, 100,526 eggs (Table 2), with minimum and maximum sues, weights, 
and ages 284 mm, 232 g, 1 year and 778 ram. 6.420 g. 5 years, respectively The average fecun¬ 
dity is 420. 430 eggs. 
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Table 2 Change' of absolute fecundity in different length c lasso of pikepr-'ch in OvCanlsu Uum. N - number of fish 


Length 

cl.iw. 

mm 

Average 
length 
(L), mm 

Ranpe 

Absolute fecundity 

F, M eggs 

Aveiagc 

N 

281 - 360 

340 

18 392 

101 528 

IDO 946 

3 

361 - 31*0 

372 

41 409 

129 032 

8.3 741 

3 

181 • 420 

403 

146 829 

197 883 

172 221 

3 

42 i 440 

431 

130 608 

- 281 098 

202 828 

4 

Ml - 460 

454 

164 680 

- 272.327 

208 796 

3 

4b I 480 

469 

177 03 

- 460 931 

266 845 

8 

481 - 500 

492 

240 69 

4ifi97 

358 832 

2 

501 520 

513 

121 473 

638 195 

385 224 

3 

521 - 540 

532 

233 560 

261 419 

245 872 

3 

541 560 

549 

219 045 

- 630 090 

424 568 

2 

561 • 580 

573 

231 228 

756 125 

579 20S 

4 

581 -600 

588 

261 419 

- 862 905 

564 398 

5 

64| - 680 

660 

529 116 

- 990 513 

759 814 

2 

681 780 

734 

1 039 738 

• 2 100 526 

1 570 132 

2 


2. Relative Fecundity 

The relauve fecundity, (RF) calculated as a number of eggs (F) per 1 kg of the female’s weight 
(G), l e as a ratio of F and G, for the populations investigated, is characterized by considerable 
individual variability The average values of RF, also vary, in the different weight classes (Tables 
3 and 4) Nevertheless, the tables show that RF's average values also increase with average weight 
The average value of relative fecundity for Batak Dam (268) is higher than the one for OvCantsa 
Dam (195) 

Analogous results are obtained, if the coefficient b in the equation F = a+bG is used as a para- 


Table 3 Changes of ihe absolute and relauve fecundity in different 'weight classes of pikcperch in Batak Dam N - 
number of fish 


Weight 

clast. 

8 

Average 

weight, 

<G).g 

Average abso¬ 
lute fecundi¬ 
ty (F;. M eggs 

Relative 
fecundity 
(F/G). eggs 

N 

20 J - 400 

338 

45 987 

136 

6 

401 - 600 

531 

92 447 

174 

7 

603 - 800 

668 

117 816 

176 

8 

80 J - 1000 

916 

265 025 

2S9 

8 

fOOl - 1400 

1260 

489 135 

388 

3 

1401 - 1600 

1478 

484 971 

328 

5 

1601 - 1800 

1703 

579 904 

340 

7 

1801 - 2000 

1989 

633 798 

334 

12 

2001 - 2200 

2170 

721 077 

332 

3 

3201 - 4400 

406 

1 264 052 

311 

2 
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Tabic 4. Change* oi the ah.sulutc and relative fecund;ly in different weight classes of pikepercb in OvCantsa Dam N 
- number ol lish 


Weight 

claw, 

P 

Average 

weight, 

<Q>. P 

Average abso¬ 
lute fecundi¬ 
ty fF). M eggs 

Relative 

fecundity 

(F/G), eggs 

N 

20] - 600 

474 

S7.329 

184 

4 

601 - JOUO 

694 

110.243 

159 

4 

looi -1 ;jvj 

114? 

223.461 

195 

4 

1201 - 1400 

mi 

240.770 

182 

7 

1401 - 2000 

1717 

260 536 

152 

3 

2001 - 2200 

2135 

226.302 

106 

2 

2201 - 2400 

2322 

543 241 

234 

3 

24 01 2600 

2500 

440.796 

176 

2 

26*) 1 - 2800 

2697 

772 462 

286 

3 

2SOI - 3000 

2970 

659 833 

222 

3 

m\ - %oo 

3275 

604 116 

IS4 

2 

4601 4800 

4650 

t 015 126 

218 

2 

6401 ■ 6600 

6420 

2 100 526 

327 

1 


TaNe 5 Changes or the regression parameters in the equation F = a + bG for the relationships between the 
average absolute feamdrty (F) and average weight (G) of females without their internal organs, for different 
populations of pikepcrch N’ - number of fish, r - correlation coefficient 


Water 

budy 

a 

bx!00 

r 

between 

F and G 

N 

Vcrhne-UraJskoc Reservoir (Russia) 

-113.68 

27 12 

0 95 

74 

the Gulf of Finland 

•100.% 

35 59 

098 

124 

live Danube Delia 

-37 83 

21 32 

0 98 

64 

Batak Dam (Bulgaria) 

-35.20 

33 60 

0.99 

62 

Gorkovskoe Reservoir (Russia) 

- 23.03 

1823 

0.98 

86 

OvCariuui Dam (Bulgaria) 

-2192 

31 36 

0.95 

46 

the Gulf of Kurshyu-Mares lLithuania) 

- 15.27 

25.05 

0 94 

74 

Ukr flmen (Russia) 

• 12 64 

15.01 

0.99 

82 

Orava Dam (Slovakia) 

- 3 03 

17.30 

098 

30 

Tviai|ynn.sLi» Reservoir Ukraine; 

1181 

14 77 

0 99 

292 


mttcr of relative fecundity {Table 5) The value of b, for OvCaritsa Dam, is 0.3 136, and for Batak 
Dam - it is 0.3360. This means tluii as females' weights increase with 1 g as an average, their 
fecundity increases with an average of 314 eggs, for the first water hotly, and with 336 eggs, for 
the second one. 


3. Population Fecundity 

Population fecundity (PF) is most often calculated by using the formulas of Ivlev {1933), 
Nikolskiy (1974), and Poliakov (1971). For this it is necessary to know a number of biological 
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Tabic 6 Biological parameter* and population fecundity (PF) of pikeperch in two Bulgaiian reservoirs 



Female' 

Average 

Average 

Females at first 

PF. calculated through 

Water 

body 

in llw 
popclfl- 

absolute 

fectindi 

age of 

U* fish. 

niatunty in a parti¬ 
cular age-group, % 

different models 


(ton. % 

ty. eggs 

years 

1 2 3 

Ivlev Nikolskyt Polyakov 
(1951) (1974) (1971) 

Ralak Dam 

55 2 

404 *76 

3 88 

28 6 714 

57.530 104.221 96 6 

Ovcaritsa Dam 

31 7 

420 4?0 

2 45 

10 3 89 7 

54.398 171,604 7,320 


parameters tor Ihc paiticular populations, (Table 6) The average absolute fecundity of ptkeperch 
in OvCantsa Dam (420, 430 eggs} is sltghty higher than in Batak Dam (404. 376 eggs) The 
population fecundity in Batak Dam, calculated using the Ivlev formula, is slighty higher (57, 398 
eggs) than tn Ovtaritsa Dam (54. 398 eggs) The reason for this is that in the latter dam, the 
percentage of females' was lower (31 7) than in Batak Dam (55.2) 

The results obtained erom the Nikolskiy (1974) formula, were just the opposite PF was 171,604 
eggs for Ovcaritsa Dam, and 104,221 eggs for Batak Dam, because the average age of the popu¬ 
lation in the latter water body, was higher (3 88 years) than the age in the former (2 45 years) 
(Table 6) The parameter of population reproduction rate (V), after Polyakov (1971), l e, the 
number of females created by one mature female for a penod o'f one year, was 70 times higher for 
Ovcaritsa Dam (7, 320 females) than the value for Batak Dam (97 females), because the females 
m the first reservoir mature about one year earlier 


Tabic 7 Predicted absolute average fecundity (F. M eggs) of pikepcrch over range of lengths <L. mm) in different 
water hodies r correlation coefficient 


Body length, mm 



relationship 


700 

400 

500 

600 

700 

S00 

Batak Dam (Bulga- 

(1 12 0 006L) 








nal 

F= 1500/(1+10 

0 99 

47 

167 

497 

985 

1323 


the Gulfed Finland 

F= 884 66K2+2 7?T. 

0 96 

223 

499 

776 




die Gulf of Kursbyu- 









Mares (Lithuania) 

b= 541 8333+2 0O5AL 

099 

60 

260 

461 

662 
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Tabic 8. Predicted absolute average fecundity (F. M egg>) of pike perch over range of weights (G, g) in different 
water IhmIks r - correlation coeflicienl 
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DISCUSSION 


1. Absolute Fecundity 

Information on pikeperch fecundity in die literature form varies, and is sometimes contiadic- 
tive. Thus, for example, die minimum individual absolute fecundity (F min ) of pikeperch in the 
Lower Dnieper is 180, 500 eggs (PoltavCuk, 1965), while for the Delta of the Danube, where 
pikeperch mature earlier und ut lower sizes and weights, F^in only 12, 915 eggs (Kukurad/.e, 
1965). The value of the minimum absolute recundity of pikeperch in OvCaritsa Dam (18, 392 
eggs) is close to the value for the Danube. Balak Dam is among die water bodies for which the 
values of F w (25, 669 eggs) vary from 20, (XX) up to 26, 000 eggs. These are: Lake Byeloye - 
21. 700 eggs (Serenko, 1980); Verhne Uralskoe Reservoir - 23, 500 eggs (Pcrminov, 1975), and 
the Gulf of Kouishyu-Murcs - 24, 000 eggs (Virbickas et al. 1974). The minimum fecundity of 
pikeperch in Lake Ilmen and Tsimlyanskoe Reservoir is higher. 48. 100 eggs (Fyodorova, 1975) 
and 49, 500 eggs (Koval. 1980) respectively. F amounts to 95,400 eggs for irikltnskoe Reservoir 
(Matyuhin, 1968). Tire highest values of F mm , have been reported by Poltavchuk (1965) for the 
Middle and Lower Dnieper (128, 000, and 180, 500 eggs, resp.) and by Oliva et al. (1968) - 
200,000 eggs. 

Generally, the maximum individual absolute fecundity of pikeperch (F^) is reported to be a 
million eggs (Zashcv, 1961; Oliva et al. 1968). This value lias apparently been taken from Berg 
(1949) who suggested that F n ., was 900,000 eggs. 1'he data on the water bodies studied revealed 
Uiat F values often fall between 500, 000 and one millon eggs, i.e. 517. 000 for Middle Volga 
(Virbickas eC al , 1974), 637, 025 for the delta of the Danube (Kukuradze, 1965), 781.000 for the 
Caspian Sea (Virbickas et al.. iy83). and 899. 600 for the Lower Dnieper (Poltavchuk, 1965). 
However, for a number of water bodies, these values are liigher than 1 million eggs, i.e. 1,755. 000 
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eggs for Irliklin&koe Reservoir (Maiyuhin, 1968). 1, 109, 000 eggs for Ihe Gulf of Kourshyu- 
Mares, 1, 129. (MX) eggs tor the water bodies of Ukraine, 1. 228. 000 eggs for the Kuban River 
(Virbickas cr a!., 1974), 1,340, 500 lor Batak Dam. 1.411.800 eggs for Tsimlyanskoe Reservoir 
(Koval, 1980), 1,550,000 eggs for'Verhne-Uralskoe Reservoir (Pcrminov, 1975), and 1.677,000 
eggs for Lake Uyeloye (Serenko, 198U). The latter value olT^, is Ihc highest reported in litera- 
lure. It refers to an individual with a length of 745 mm, and a weight of 7. 240 g (6, 240 without 
the internal organs), at the age of 16. Only the pikeperch in Ovearitsa Darn had a higher maxi¬ 
mum absolute fecundity (2.100.500 eggs). It was found in an individual that was longer (778 aim) 
and heavier (6 420 g without the internal organs), bul considerably younger (5 years old) Given 
that under natural conditions, pikeperch reach even bigger sizes, it is clear Iliac their maximum 
fecundity may considerably exceed even 2 million eggs. 

The absolute fecundity of different length, weigth, and age classes of a particular population, 
is most often estimated lo allow comparisons with values for other populations. These compari- 
son. however, are oftei hampered because many of these classes arc not represented in all of Ihe 
populations being compared. In some populations, minimum fecundity is lower, because the fish 
maliire earlier and at smaller sizes. In other populations, the maximum number of eggs is higher, 
because there are larger individuals. The average fecundity of u population, which is also used in 
comparisons, is determined, to a large extent, by these circumstances. The average values of 
fecundity, for the same size classes In different populations, are also unsuitable for comparison, 
but they are most often used by various authors who subjectively determine Ihe ranges of the size 
classes, e g with intervals of 10, 20. ... 50 etc. mm. The analogous comparison of fecundity 
values for the same age-groups, is also useless because the number of eggs for these groups 
depends mainly on the lengths and weights of fish, which vary* at the same age. in different water 
hodics.Thc number of eggs in I g of ovary, is also unsuitable for comparison, because its value is 
not a constant which depends on the level of maturity (the weigth) of die ovary. The number of 
eggs related to I kg of the female’s weight is also unsuitable, because the absolute fecundity/fish 
weight ratio changes with the increase of the weight (Zivkov, 1983). 

Because of these difficulties, the comparative analysis of the fecundity of pikeperch in differ¬ 
ent populations was made in the following way. we found the most suitable equation describing 
the relationship between the average values of F and L; then we gave rounded values of L (300,400 
etc. mm) (selected at rando®), thus calculating the corresponding values of F. We compared these 
values of F for different populations while using one and the same value of L (Table 7). The 
populations in Table 7, are presented in the descending order according to the number of eggs in 
the biggest (last) size class (in ease of two populations with different maximum lengths, the 
comparison of F values for both of them, was made with respect to the last size class of die 
population with smaller size). The table suggests several conclusions: 

I There are large differences in the values of the fecundity of pikeperch in different water 
bodies. Fecundity is higher for the mountain reservoir of Batak and the Golf of Finland than it is 
for Orava Dam (Slovakia) and Tsimlyanskoe Reservoir (Ukraine). The rest of die data did not 
reveal a relationship between water body's geographical position and Ihc fecundity of pikeperch 
(the lowest fecundity was reported for Lake Ilmen, north of the Orava Dam (Slovakia) and 
Tsimlyanskoe Reservoir (Ukraine). 

2. There is an obvious tendency for populations of lower initial fecundity (with L= 300 mm) to 
have higher values of F in the next size classes, and vice versa (compare, for example, the 
populations of the delta of the Danube with those of Verhne-Uralskoe Reservoir, or the one of 
Batak Dam with the one of the Gulf of Kourshyu-Mares or Gorkovskoe Reservoir). 

3. The absolute fecundity of the populations in the cooling reservoir is lower than in Batak 
Dam (except for tlic initial fecundity, with L = 300 mm). However, all the other biological char¬ 
acteristics (i.e. growth rate, age at first maturity, condition etc.) of the pikeperch of the cooling 
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reservoir arc belter. Apparently, this is one of the negative effects of heated water on the biology 
of cold-tolcruni pikeperch. Similar results on other species living in cooling reservoirs of Lithua¬ 
nia, have been obtained by Virbickas et al. {1983). 

We considered that using the average values of absolute fecundity of fish, with equal, round 
values of their weights without the inner organs (i.c. 500. 1,000, 1,500, etc. g» for comparative 
studies of the fecundity of different populations (Table 7), siicuJd be even better because with the 
same average length or age of the fish, the corresponding average weights for the different 
populations, are different (because of their different condition, and growth rate). In other words, 
the dependence of fish fecundity on fish size and age is determined by the weigh; at these particu¬ 
lar sizes and ages. 


2. Relative Fecundity 

After analyzing the nature of the changes in the classical factor of relative fecundity, i.e the 
ratio of fecundity (F) and the weight (G) of females (tell F/G index), we came (2ivkov, 1983) to 
the conclusion that ihesc changes had nothing to do with the rea,' rate of fecundity increase with 
female weight. We found that llic F/G index increased or decreased with the increase of weight, 
depending cf whether the regression line V - G passed under or above die origin. The position of 
the point at which this line crosses the F axis, however, depends not only on the line’s slope (the 
coefficient b in llic equation F = a + bG) but ulso on the biological (especially the specific) 
peculiarity of the F/G ratio: on females' first maturity, and on the value of die absolute fecundity 
of die fish which spawn for the first time. That is why we recommend and use the coefficient h in 
the equation F = a + bG. as a parameter of relative fecundity. In most of the cases, this equation 
describes the F/G relationship, with u satisfactory statistical precision. The coefficient a. was 
provisionally called "initial" or "start fecundity". As the values of die coefficient a increased from 
-113.68 up to 13.81, for the IU populations which we compared, the coefficient b decreased from 
35.59 down to 14.77 (Table 5). A considerable, negative correlation between a and h (r = -0.67. 
p = 0.05), was found. Our attention was drawn to the presence of such a correlation in die 
no near iu vo rous fish species of fiatak Dam. tor the first time, m L983 (Zivkov. 1983). In connec 
tion with the discussion reflected in the Russian literature (Zotm, 1961. 1968; Nikolskiy, i9?4; 
Spanovskaja, 1976), on the adaptive nature of the changes of fish fecundity and on die relative 
parameters of fecundity, we reported that the increase of absolute fecundity with the increase of 
fish wcijslh was a feature which had been encoded in fish genome and which had always been 
demonstrated within the whole range of environmental conditions under which, a population 
might grow and develop. The rate of this increase will be different in different populations and 
conditions, it is dependent not only on endogenous, but also on environmental Jacrors. The nega¬ 
tive correlation between the absolute fecundity in ihc earliest years, and the rate of its increase 
with the wcigth in the. next years, is considered by us as a natural process of regulation of fecun¬ 
dity, depending on the changing environmental conditions. 


3.1'optilafjon Fecundity 

Ichthyologists often try to estimate, in quantitive terms, the importance or the absolute fecun¬ 
dity, age at first maturity, sex ratio, age structure of die spawning population, as well as periodic¬ 
ity of spawning, etc., for the reproduction of fish. These attempts have resulted in a number of 
indexes which characterize the fecundity of a specie* or of its population*. Tu a survey and & 
critical analysis of the different indexes (Zivkov and Petrova. 1983), we concluded that the popu- 
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latum parameter (V p ), of Poljakov (1971), i.c. the number of females which have been created by 
one mature female, over one year, is more useful, with respect to both theory and practice, than 
other parameters of population fecundity (PF) which have been described so far in liast-liuro- 
pcan literature. It enables a quantitative estimation while considering the fact that a change in age 
of first maturity affects the reproductive capacity of the population more intensively than the 
changes in fecundity do. This has been illustrated on Table 6. Wcean see that while 10.3% of the 
females in the cooling reservoir of Ovcaritsa spawn as early as their first year, ar.d 89.7% of them 
in their second, there arc no mature females in (he first year in Batak Dam. In the second year they 
amount only to 28.6%, and not before the third year do 71.4% of the females spawn. For this! 
reason, the value of V, tor Batak Dam. is only 97. and for Ov£ar:tsa Dam - it is 7, 320 females, 
although the values of the average absolute fecundity of both of the populations are almost equal 
- 404, 376 and 420,430 eggs, respectively. 


SUMMARY 

Absolute fecundity (F> of pikeperch in die different water bodies varied between 12,950 and 
2, 100,500 eggs. No regular relation between F and the geographical position of the water bodies 
was found. Pikeperch fecundity in the cooling reservoir Ovcaritsa was lower than the fecundity in 
the mountain Batak Dam, in spite of the fact that all the other biological characteristics of pikeperch 
in the cooling reservoir were better. This is assumed to be because of (he negative influence of 
heated water on the biology of this coldtolerant species.The average values of the absolute fecun¬ 
dity (F) of the fish of the same weight (G) (without the internal organs) was calculated for differ¬ 
ent populations from their equations for the F/G relationship. This is the most accurate way of 
carrying out comparative studies of the absolute fecundity of fish of different populations. The 
coefficient b (or b in %) from the equation F=a+bG, is rccomended as a parameter of a popula¬ 
tion's relative fecundity A negative correlation between the so-called “start fecundity” (the coef¬ 
ficient a) and the relative fecundity (the coefficient b), was found. This phenomen is considered 
to be a natural process of (he regulation of fecundity, resulting from the interaction between inner 
(genetic) and environmental factors. Use of the Poljakov (1971) parameter of population repro¬ 
duction rate is recommended among the parameters of population fecundity, which have been 
most often described in the East-European literature, so far. It can be used in estimating the 
potentially possible population reproduction rate, and notes that changes in age of first maturity 
affect the population's reproductive capacity much more intensively than changes in fecundity. 
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IN MF. MORI AM PROFESSOR RNDr. JAN LELLAK CSc. 
(16. 1. 1926 - 31.7. 1993) 


During the summer of 1993, all Czech and Slovak limnologists were shocked by ihe unexpected and sad news of 
Prol. Lcllik’s passing away He was a respected and well known member ol our scientific community Bom in the small 
Slovak village of Helcnumovoe, lie moved quite early lo the town Oesk* BudCjovice mid in 1947 finis hed there his 
secondary education. In the same year, he was accepted to the Faculty of Science, Charles University in Prague and in 
1952 received his RNDr. degree based on a dissertation dealing w ith a detailed evaluation of the role of benthic macrofauna 
in three I -the backwaters He started his scientific activities as a valuable member of a team of enthusiastic young 
limnologists gathered around his teacher J llrb&ck 

He extended lus interest in benthic fauna of small backwaters and ox¬ 
bows to the wider field of fishponds and reset vous mid devoted spec ial In¬ 
terest to a very difficult group of aquatic insects of the family Chironomidae 
(Dipteral In 1957 be received the CSc degree for his thesis dealing with the 
impact of the fish predation on benthic fauna Stalling in 1962, he was the 
head of the Department of Hydrobiology at the Faculty of Science until his 
retirement ui 1991. 

He lived the very active life of a university teacher, supervised more than 
seventy MSc and CSc theses and gave lectures in animal ecology, limnology 
mid ecology of chuonoraid larvae. He was active in all aspects of academic 
life and served as the vicedean for research and international affairs of the 
Faculty from 1974 to 1980. In those difficult times for the Czech scientific 
community, he was respected for his human and honest approac h to all prob¬ 
lems. His biological knowledge was encyclopedic and he was famous for 
his good memory ior exact numbers. He was a devoted fan of scuba diving 
which be used to collect marine fauna for biological courses 

lie was a founding member of the Czechoslovak Limnological Society 
serving as vice-president and later as the president in the late seventies His 
activities covered oilier scientific societies as well Czechoslovak Zoologi 
cal Society. Czechoslovak Entomological Society. Czechoslovak Biologi¬ 
cal Society, section Ecology. International Limnological Society (S1L) and 
International Ecological Society (1NTECOL). He presented his scientific 
results at many congresses, symposia and workshops In appreciation of his 
activities, he was awarded the golden medal of the Faculty of Science and a 
diploma for merits in the development of Czech zoology Due to his pro¬ 
found knowledge, he was able to organize a special symposium on 
Chironomidae in 1976 in Prague. Between 1964 and 1974 he was active ui the freshwater productivity field ol research 
witliin Ihe frame of Die International Biological Programme 

Prof l«llak published as the sole author or coauthor 20 books, handbooks and teaching texts for university students, 
and prepared identification keys for chironomid larvae and altogether published over 70 scientific papers His mterst 
was aimed during lus entire professional life to benthic fauna His original experiments wiih laige cages covering the 
bottom of fishponds and protecting the fauna from fish predation or exposing it to various predatory pressure are 
famous among the students of limnology He verified a hypothesis about the direct impact of lish predation on the 
biomass, abundance and species composition of bottom fauna and its relation to the changing intensity of the rain of 
particulate food from the overlying water column 

Prof Lclldk was very modest and human personality He always tried to avoid conllkls. to find acceptable solutions 
to problems, and lo ileal with them and people involved in quiet and peaceful manner. He was respected and popular 
among his fellow limnologists and friends for his optimism and cheerful disposition He will always be anscparablc part 
of the history of the development ol our modem limnological research, and a fondly remembered person among his 
disciples and colleagues 
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